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To  make  ONE  plywood  for  both  interior  and  exterior  use  —  at  a 

competitive  price*—  use  RcjinSCO 


To  make  a  better  quality  plywood  at  a  competitive 
price,  take  advantage  of  all  these  money-saving  features  of 
MELURAC  300: 

1.  fEWER  REJECTS  Although  glue  line  cost  per  1000  square  feet 
is  higher  than  with  some  other  glues,  manufacturers  have 
saved  money  because  of  the  low  number  of  rejects. 

2.  EASY  HANDLING  AND  MIXING  Can  be  used  without  catalysts. 
MELURAC  300  is  supplied  as  a  free-flowing  dry  powder.  Only 
water  need  be  added. 

3.  NONSTAINING  MELURAC  300  is  dear  and  colorless  .  .  .  quick 
setting  .  .  .  nonstaining.  You  can  use  thinner  veneers  and 
lighter  woods. 

4.  LONG  WORKING  LIFE.  When  properly  prepared,  melurac  300 
has  a  usable  life  of  more  than  10  hours  at  90°  F.  Glue  loss 
is  cut  to  a  minimum. 

5.  LONG  ASSEMBLY  TIME  Under  normal  conditions,  veneers  spread 
with  MELURAC  300  can  be  stored  several  days,  if  necessary, 
before  pressing.  Avoids  need  for  precure. 

6.  MODERATE  CLJRiNG  TEMPERATURE.  Optimum  pressing  temper¬ 
ature  is  only  240°  F.  .  .  minimizes  "blows.” 

7.  FAST  CURE.  With  Cyanamid’s  Hardener  M-325,  the  cure  rate 
of  MELURAC  300  is  virtually  as  fast  as  Urea  resin  adhesives. 


MELURAC  300  provides  a  completely  waterproof,  boil- 
resistant  glue  line  for  high  quality  plywoods — flat  or 
curved,  light  or  heavy,  for  interior  or  exterior  applica¬ 
tions.  This  resin  combines  the  advantages  of  both  mela¬ 
mine  and  urea  .  .  .  enables  you  to  streamline  production 
and  realize  important  savings. 

Want  to  build  a  better  line?  Want  to  give  your  com¬ 
petitor  a  real  run  for  the  orders?  Melurac  300  will  give 
you  the  answer!  Send  us  the  details  of  your  opi  ration, 
or  ask  to  have  a  Cyanamid  representative  call.  We  will 
be  happy  to  work  with  you. 
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#  In  producing  adhesives,  Reichhold 
first  manufactures  both  formaldehyde  and 
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make  resin  glues.  This  “start-to-finish” 
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The  President’s  Column 


News  Briefs 

Order  Hard  Covers  for  Annual 
Proceedings  Issue  Now 

I'he  1953  Annual  Proceedings  Issue 
of  the  Journal,  with  a  sturdy  paper 
co.er,  will  be  mailed  the  middle  of 
Dicember.  Members  wishing  Hard, 
Cloth  Covers  for  their  1953  Proceed¬ 
ings  Issue  should  place  orders  at  once. 
Receipt  of  orders  for  Hard  Covers 
previous  to  December  15  will  make  it 
possible  to  fill  such  orders  on  the  orig¬ 
inal  mailing  and  eliminate  the  neces¬ 
sity  for  returning  the  standard  paper 
cover  copy  for  exchange. 

Hard  cloth  covers  with  gold  im¬ 
printing  will  be  of  the  same  quality 
and  style  as  in  previous  years.  An  addi¬ 
tional  price  of  $2.00  is  charged  for 
hard,  cloth  covers.  Checks  or  mail  or¬ 
ders  should  be  mailed  direct  to  Forest 
Products  Research  Society,  Box  2010, 
University  Station,  Madison  5,  Wis¬ 
consin.  Please  give  your  full  name  and 
mailing  address,  and  specify  that  your 
check  is  to  cover  the  cost  of  the  hard 
cover. 

Orders  received  after  December  15, 
1953,  will  require  that  you  return  your 
paper  bound  copy  of  the  Proceedings 
Issue  for  exchange  for  a  hard  bound 
copy. 

1955  Annual  Meeting  Set  for 
Seattle,  June  20-21-22 

President  Robert  D.  Pauley  has 
named  Seattle,  Washington  as  site  of 
the  Society’s  1954  Annual  Meeting. 
The  Olympic  hotel  will  be  the  official 
hotel,  and  the  scene  of  all  official 
activities.  Registration  and  arrival  will 
commence  on  Sunday,  June  19.  The 
official  program  will  be  scheduled  on 
Monday,  Tuesday  and  Wednesday, 
June  20-21-22. 

Adequate  rooms  have  already  been 
guaranteed  in  the  Olympic  and  ad¬ 
joining  hotels.  Seattle,  in  the  heart  of 
the  ,.,reat  Pacific  Northwest  lumber- 
ing,  plywood,  hardboard  and  paper 
prodii.  ing  area,  will  offer  many  op- 
porti'iMties  for  visiting  members  to 
take  mteresting  and  instructive  side- 
hips  .  oth  before  and  after  the  meet¬ 
ing. 


See  Nhws— Digest  starting  on  page  81. 

JOLUNAL  of  FPRS 


FPRS  Committees  Organized 
to  Serve  Members 

Our  Society  has 
long  since  reached 
a  point  in  its 
growth  where  it 
is  not  possible  for 
the  Executive 
Board  of  11  per¬ 
sons  and  chair¬ 
men  of  1 3  sec¬ 
tions  across  the 
land  to  admin¬ 
istrate  personally, 
and  in  detail,  ev¬ 
ery  activity  of 
our  Society.  In  the  formulative  years 
the  task  of  developing  and  encourag¬ 
ing  committees  to  take  on  jobs  and 
see  them  through  to  completion  for 
the  benefit  of  the  membership  was 
either  initiated,  if  not  specifically  han¬ 
dled  at  every  step,  by  the  Executive 
Board.  This  of  course  resulted  in 
Board  Meetings  which  at  times  ran 
15  hours  per  day.  With  the  steady 
growth  in  membership,  and  particu¬ 
larly  expansion  in  services,  your 
Board,  which  incidentally  continues  to 
meet  but  three  times  a  year,  does  not 
have  the  time  to  devote  to  such  detail 
nor  is  it  desirable  to  do  so. 

It  is  my  firm  conviction  that  as  far 
as  possible  projects  should  be  dele¬ 
gated  to  committees;  and  because  the 
committee  structure  of  our  Society  is 
playing  an  increasingly  important  role 
in  overall  operations,  I  feel  that  it  is 
time  that  the  specific  duties  and  re¬ 
sponsibilities  for  each  committee  be 
clearly  defined  and  made  available 
not  only  to  the  committees  themselves 
but  to  the  membership  as  well.  In 
this  way  each  of  us  may  be  familiar 
with  the  development  of  our  services, 
and  be  stimulated  to  actually  partici¬ 
pate  and  contribute  to  the  advance¬ 
ments  which  are  being  made. 

As  president,  my  procedure  is  to 
appoint  a  chairman,  assign  his  duties 
and  then  rely  upon  him  to  carry  out 
the  job  to  completion.  To  be  positive 
of  the  limitations  imposed  on  a  chair¬ 
man,  and  before  making  an  analysis 
of  the  specific  duties  of  each  commit¬ 
tee,  I  decided  to  check  Webster  for  a 
clear  definition  of  a  chairman.  He  is 
defined  as,  "The  occupant  of  a  chair 


of  office  or  authority,  the  presiding 
officer  of  a  committee  .  .  .  one  whose 
business  it  is  to  carry  or  wheel  per¬ 
sons  in  a  chair  or  sedan.”  We  are 
prone  to  laugh  off  that  last  one,  but 
there  figuratively  are  some  organiza¬ 
tions  where  the  chairman  of  a  com¬ 
mittee  has  the  onerous  task  of  "wheel¬ 
ing”  his  entire  committee  through 
their  work.  Fortunately,  in  an  active 
organization  such  as  F.P.R.S.,  we  do 
not  have  any  such  committees.  I  also 
believe  that  when  the  chairman  and 
his  committee  are  familiarized  with 
their  duties  and  obligations  that  they 
will  each  become  self-starters  and  the 
job  of  "wheeling”  will  not  fall  on  the 
shoulders  of  the  chairman  alone.  How¬ 
ever,  regardless  of  your  interpretation 
of  the  definition  1  am  certain  you  will 
agree  that  the  chairman  is  and  prob¬ 
ably  always  will  be  the  key  figure  in 
the  progress  of  our  Society  and  that 
his  committee  is  the  prime  mover  of 
the  growing  influence  of  our  Society. 

In  the  following  columns  I  have 
condensed,  as  I  see  them,  the  princi¬ 
pal  duties  of  our  committees.  It  is  my 
hope  that  you  will  study  these  and 
others  to  be  described  from  time  to 
time,  and  call  on  these  committees  for 
any  service  they  may  be  able  to  render 
to  you  as  a  member  of  FPRS. 

Technical  Program  Committee  for 
Annual  Meeting.  Chairman,  L.  J. 
Carr,  Sacramento,  California.  Bears 
full  responsibility  for  the  technical 
program.  Selects  the  subjects  to  be 
discussed.  Cooperates  with  Subject 
Matter  Committees  in  procuring  and 
arranging  papers.  Expedites  the  pre¬ 
print  publication  by  deadline  date, 
and  cooperates  with  the  Publications 
Committee  on  acceptance  or  rejection 
of  any  questioned  papers.  The  com¬ 
mittee  opens  each  technical  session  at 
the  National  Meeting;  holds  group 
meetings  with  authors  prior  to  tech¬ 
nical  sessions  for  purposes  of  instruc¬ 
tion.  The  committee  makes  provision 
for  all  necessary  equipment,  such  as 
projectors,  etc.,  required  by  authors; 
and  selects  chairmen  and  recorders  for 
each  se.ssion. 

National  Chairman  of  Subject 
Matter  Committees.  Chairman  Mo.ss 
B.  Christian,  Tallulah,  Louisiana. 

(CoHtinutd  on  page  71) 
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assures  you  of  new  standards  of  veneer  qaality 


^=way  uniformity 

with  the  new  type  "DA”  PROCTOR  VENEER  DRYER 


uniform  air  circuiation 

With  the  new  Proctor  "DA”  Veneer  Dryer  both 
sides  of  each  sheet  of  veneer  are  subjected  to  uni* 
form  amounts  of  air  evenly  distributed  across  the 
entire  width  of  the  conveyor — and  at  a  velocity  up 
to  4  times  as  great  as  in  the  past. 


—  uniform  humidity 

Moisture-laden  air  is  exhausted  from  the  dryer  at 
a  steady  rate — and  at  the  most  efficient  rate — to 
virtually  put  an  end  to  the  chances  of  searing  or 
case-hardening. 


uniform  temperature 

An  even  heat  throughout  the  dryer  is  maintained 
by  pin-point  temperature  controls  further  aided  by 
the  uniform,  efficient  rate  of  exhausting  moisture¬ 
laden  air. 


uniform  pressure 

The  Proctor  wire-and-girt  conveyor  in  combination 
with  a  hold-down  conveyor  achieves  equal  flatness 
— and  it’s  maximum  flatness — for  all  sheets  as 
they  travel  through  the  dryer. 


All  the  long  experience  of  Proctor  engineers  in  the 
veneer  industry  has  been  brought  into  focus  in  this 
new  dryer ...  to  give  you  faster,  more  efficient, 
more  profitable,  better-quality  drying.  It  is  backed 
by  the  Proctor  &  Schwartz  guarantee.  Write  for 
more  details  . . .  now. 

Proctor  &  Schwarts#  Inc* 

PHILADELPHIA  20,  PA. 
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Guest  Editorial 


Progress  is  Industry’s  Most  Important  Product 


PROGRESS  IS  industry’s  iTiost  im¬ 
portant  product.  Although  there 
are  those  that  disagree  with  me,  I 
say  it  because  I  feel  it — I  have 
always  believed  it — and  I  am  sure 
that  basically  it  is  sound. 

If  an  industry  is  to  be  successful, 
it  must  grow.  If  it  is  to  grow,  it 
must  progress. 

There  is  a  transition  taking  place 
in  the  forest  products  industries, 
and  I  am  not  at  all  sure  that,  as  an 
industry,  we  who  have  spent  our 
lives  in  it,  fully  understand  what  is  occurring.  Things  are 
happening.  Developments  from  without  and  some  from 
within  are  beginning  to  make  their  impacts  felt.  In  my  own 
mind  I  am  certain  that  the  industry,  as  a  whole,  is  not 
technically  prepared  to  accept  this  change. 

The  transition  I  refer  to  is  the  gradual  change  from  an 
industry  based  on  crafts  to  an  industry  based  on  technical 
skills  and  technical  training.  It  is  the  age  old  struggle  be¬ 
tween  new  knowledge  and  traditional  thinking. 

For  generations  the  Forest  Products  Industry  has  been 
suffering  from  a  disease  which  I  chose  to  call  "Grand- 
pappyitis.”  Now,  "Grandpappyitis”  is  a  disease  that  is 
common  to  all  craft  industries.  It  is  part  of  the  struggle 
between  new  knowledge  and  tradition.  "Grandpappyitis”  is 
a  disease  of  the  mind,  its  basic  cause  is  traditional  think¬ 
ing — thinking  that  is  in  a  deep  rut — and  thinking  that  is 
unwilling  to  use  present  scientific  facts  and  knowledge — in 
many  cases  developed  in  other  industries — to  our  own  gain. 
It  is  an  unwillingness  to  apply  imagination  to  our  business. 

Now',  I  don’t  want  to  be  misunderstood  because  I  do 
not  mean  to  imply  that  the  forest  products  industry  can  do 
without  its  craftsmen.  These  men  are  essential  to  the  in¬ 
dustry'  and,  as  individuals,  they  thoroughly  understand 
their  jobs  and  are  thoroughly  competent.  However,  they 
alone  are  no  longer  adequate. 

Let  us  take  the  case  of  the  saw  filer.  Imagine,  if  you  will, 
the  youngster. right  but  of  engineering  school  or  out  of  a 
course  in  wood  technology  filing  and  tensioning  a  circular 
saw'.  That  is  an  art,  but  who  determined  that  saws  as  we 
know  them  today  are  the  proper  method  for  breaking  down 
lumber?  How  much  money  has  the  forest  products  indus¬ 
try  spent  in  research  on  the  tools  of  the  industry? 

The  major  problems  facing  the  forest  products  industry 
are  not  problems  arising  from  within  the  industry  itself  but 
from  problems  produced  from  outside  industries.  New 
produi  ts  and  new  processes  are  flowing  in  a  constant  stream 
from  the  research  laboratories  of  other  industries.  These 
developments  in  competing  industries  are  already  seriously 
affecting  many  of  the  so-called  normal  or  natural  markets 
for  wood.  Those  companies  who  have  invested  their  money 
in  product  development  and  research  are  looking  for  mar¬ 
kets  lur  these  new  products  and  the  pressure  is  terrific  on 
produ.  s  made  from  wood. 

Wo  -l  is  a  basic  material  for  industry.  Compare  it,  if  you 
'^ill,  V  :th  the  basic  materials  available  to  manufacturers  in 
1900,  'e-examine  the  list  that  was  available  in  1925,  and 
then  i.  inpare  1925  with  1950.  Where  did  all  of  these  new' 
miten,  U  come  from?  They  are  the  products  of  progress  in 
olhcT  dustries.  Products  in  which  dollars  have  been  piled 
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on  dollars  and  hours  upon  hours  in  the  research  labora¬ 
tories  of  these  industries,  days  of  dreaming  and  days  of 
imagining,  and  they  all  spell  trouble  for  those  who  are 
unwilling  to  match  progress  with  progress. 

Take  a  look  at  the  plastics  industry  and  the  impact  of 
this  industry  upon  the  markets  for  wood.  In  1933,  twenty 
years  ago,  the  statistical  abstract  of  the  United  States  did 
not  even  classify  moulded  plastics  as  an  industry.  Six  years 
later,  in  1939,  the  value  of  its  product  was  $78,000,000, 
and  in  1953  undoubtedly  well  over  $500,000,000  because 
the  figures  for  1950  give  the  value  of  its  product  as 
$473,000,000.  Has  your  business  been  helped  or  been  hurt 
by  moulded  plastics  ? 

In  the  basic  materials  field  aluminum  is  another  case  in 
point — in  1900,  practically  unheard  of  as  a  raw  material. 
In  1915,  primary  aluminum  production  was  45,000  tons. 
In  1930,  it  was  114,000  tons.  In  1950,  it  was  718,000  tons. 
In  the  current  year  of  1953,  estimated  production  will  be 
1,200,000  tons,  and  estimated  production  for  1954, 
1,500,000  tons.  In  1915,  its  price  was  thirty-four  cents  a 
pound.  In  1950,  it  was  eighteen  cents  a  pound.  Has  alumi¬ 
num  made  any  inroads  on  your  markets?  Can  it  be  com¬ 
bined  with  your  product? 

In  June  of  this  year,  the  first  basic  materials  for  industry 
exposition  was  held  in  Grand  Central  Palace  in  New  York. 
Our  company  exhibited  at  this  exposition.  Two  companies 
having  balsa  wood  for  sale,  one  company  with  lignum 
vitae,  and  one  foreign  producer  of  veneer  exhibited.  Be¬ 
lieve  it  or  not,  we  were  practically  alone  in  the  domestic 
wood  products  field. 

Perhaps  wood  is  no  longer  a  basic  material,  but  I  can 
assure  you  that  those  who  would  steal  our  markets  from  us 
were  there  in  force. 

Who  were  the  people  who  came  to  this  exposition? 
They  were  not  the  crowd  from  the  sidewalks  of  a  great 
city.  Admission  was  by  card.  Those  people  who  came  to 
see  were  product  designers.  They  were  the  technical  peo¬ 
ple,  each  with  his  own  particular  problem  to  answer  in 
regard  to  his  product.  They  were  seeking  new  ideas.  They 
were  seeking  answers.  I  understand  that  this  exposition  is 
to  be  planned  as  a  yearly  event.  Next  year  it  will  take 
place  May  17  to  20  at  the  International  Ampitheatre  in 
Chicago.  If  you  want  to  know  who  is  after  your  markets, 
just  attend  this  exposition. 

We  must  realize  in  this  great  forest  products  industry  of 
ours  that  no  market  is  sacred  to  us.  Every  product  is  subject 
to  improvement,  and  no  industry  can  remain  static,  for 
progress  is  a  continuing  process. 

I  do  not  mean  to  imply  that  there  has  been  no  progress 
in  the  forest  products  industry.  If  you  have  followed  the 
technical  papers  that  have  been  printed  by  this  Society  and 
its  various  sections,  you  will  undoubtedly  be  amazed  at  the 
versatility  of  this  cellulosic  material  we  call  wood.  You  will 
also  recognize  that  wood  is  capable  of  serving  the  peoples 
of  the  world  in  products  for  better  living  that  are  yet  un¬ 
dreamed.  You  will  also  recognize  the  limits  of  our  present 
knowledge.  There  is  so  much  to  know  about  wood. 

We  are  a  forest  products  research  society.  We  are  dedi¬ 
cated  to  the  creation  of  new  knowledge. 

Just  what  is  this  thing  we  call  research  ?  Well,  research  is 
a  term  that  is  very  loosely  applied  to  day  for  any  and  every 
simple  investigation  is  frequently  termed  research.  I  have 


C.  D.  DOSKER 
Gamble  Bros. 
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YOUR  GUIDE  TO  ^ADHESIVES... 


The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia¬ 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 
When  you  use  a  Perkins  Glue  in  your  operations,  you’ll  agree 
with  other  leading  woodworkers— /fiat  Perkins  serves  you  best! 
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RESIN — Hot  Press  and  Cold  Press  •  Liquid  or  Powder  Type 
CASEIN  —  A  brood  line  to  meet  your  specific  requirement 
VEGETABLE  —  As  originated  and  perfected  by  Perkins  Glue  Co. 
ANIMAL  —  Reody-to-use  Liquid  •  Heat-then-use  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


alwa  s  considered  that  there  are  two  kinds  of  research.  The 
first  s  basic  or  fundamental  research,  and  the  second  is 
proo  (Ct  development. 

T' e  Industrial  Conference  Board  released  some  rather 
inter  sting  figures  a  few  weeks  ago  and,  because  I  feel 
they  ire  the  most  recent  and  accurate  figures  on  research, 

1  wiil  give  them  to  you.  I  think  you  will  find  them  inter- 
estin;-. 

If  1952  the  total  United  States  expenditure  for  research 
was  !i  excess  of  $3,500,000,000.  The  gross  national  prod¬ 
uct.  -.vhich  is  the  market  value  of  all  goods  and  services 
proitaccd  by  the  nation’s  economy,  was  a  little  short  of 
S31'  000,000,000.  This  would  mean  that  more  than  1% 
of  tii:.-  gross  national  product  was  devoted  to  the  improve¬ 
ment  of  that  product.  Where  did  all  of  this  money  come 
froiii?  Fifty-six  percent  of  the  total  funds  were  supplied  by 
the  [government  and  44%  by  industry.  It  means,  however, 
that  .ilmost  $20.00  per  capita  were  spent  in  product  devel¬ 
opment  and  research  in  the  year  1952.  Where  was  this 
money  spent?  Sixty-seven  percent  or  more  than 
$2,300,000,000  was  spent  in  the  research  laboratories  of 
industry.  Eight  percent,  or  $280,000,000  was  spent  in  col¬ 
leges  and  universities,  and  the  remaining  twenty-five  per¬ 
cent  was  spent  in  government  controlled  laboratories.  Fif¬ 
teen  industrial  groups  are  listed  in  this  report.  Aircraft  and 
allied  industries  spent  the  greatest  amount,  over  12  percent 
of  sales.  The  food  products  industry  spent  the  least,  .3  of  1 
percent  of  sales.  The  average  of  all  inciustries  listed  was 

2  percent  of  the  sales  dollar.  This,  however,  was  influenced 
by  the  high  proportion  of  the  total  spent  in  aircraft. 

I  presume  that  the  amount  spent  by  the  lumber  industry 
was  grouped  under  the  title  "Other  Manufacturing”,  which 
spent  .8  of  1  percent,  and  it  was  twelfth  in  the  list  of  in¬ 
dustries.  Should  this  great  industry  be  proud  of  the  fact 
that  it  is  not  listed  separately?  Are  we  that  unconcerned 
about  our  future  ? 

The  forest  products  industry  is  one  of  the  nation’s 
largest.  Its  products  represent  approximately  10  percent  of 
the  annual  value  of  all  manufactured  products,  and  this 
does  not  represent  lumber  alone  but  represents  the  pulp 
and  paper  industry,  lumber  and  allied  products,  and  furni¬ 
ture  and  allied  products. 

I  have  never  been  able  to  find  an  authorative  figure  on 
the  amount  of  money  spent  on  research  and  product  devel¬ 
opment  by  our  industry.  When  I  get  in  trouble  on  any¬ 
thing  to  do  with 'wood,  I  write  to  the  Forest  Products  Lab¬ 
oratory  at  Madison.  It  is  a  thirty  year  old  habit.  As  usual, 
they  came  through  with  an  answer  and  I  quote,  "Last  year 
we  compiled  some  figures  on  the  amount  of  money  spent 
by  indu.stry  on  research  which  may  help  you  in  your  guess. 
We  estimated  that  the  forest  products  industry  spent 
$26,000,000  for  research  in  1952.  This  is  broken  down 
into  $20,000,000  spent  by  the  pulp  and  paper  industry  and 
$6,000,000  by  lumber,  plywood  and  other  wood-using  in¬ 
dustries.” 

On  the  basis  of  these  figures,  we  can  all  understand  why 
the  pulp  and  paper  industry  is  growing  in  leaps  and  bounds, 
is  holding  old  markets  and  capturing  new  markets — many 
markets  that  formerly  belonged  to  the  segments  of  the  lum¬ 
ber  industry.  The  pulp  and  paper  industry  is  spending 
almost  !  '■y  of  the  value  of  its  products  in  research.  This 
leaves  of  Kr  for  the  rest  of  us. 

How  I  an  this  great  industry  of  ours  keep  up  with  the 
parade  cm  this  basis?  If  we  were  to  maintain  the  industrial 
iveragL  of  the  nation,  as  an  industry,  the  forest  products 
industry  would  be  spending  in  the  neighborhood  of 
Sl40,()(if),()0()  a  year,  2  percent  of  the  value  of  its 
$7,00(),o()0,000  product. 

Doc"  '.search  pay.  Has  it  helped  our  industry?  Well,  let 
•me  give  you  a  few  illustrations.  The  Forest  Products  Lab¬ 
oratory  ...IS  started  in  Madison,  Wisconsin  in  1910.  Its  con- 
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tribution  to  progress  in  the  lumber  industry  has  been  out¬ 
standing.  What  would  you  do  today  without  dry  kilns? 
The  Forest  Products  Laboratory  at  Madison  took  dry  kilns 
from  the  hot  box  stage  to  a  practical  and  economical 
method  of  seasoning  lumber.  What  about  glues?  Who 
worked  out  the  test  procedures  that  made  it  possible  to 
safely  evaluate  the  adhesives  which  are  used  every  day  in 
your  business?  It  was  the  Laboratory  at  Madison.  Who 
worked  on  preservatives  for  the  control  of  stain  and  decay? 
The  Laboratory  at  Madison.  Who  did  much  of  the  early 
work  on  pulp  and  papier?  What  about  laminates? 

How  many  of  you  are  familiar  with  the  Forest  Products 
Laboratory’s  Technical  Bulletin  No.  479 — "Strength  and 
Related  Properties  of  Woods  Grown  in  the  United  States”  ? 
Do  you  think  you  could  design  in  wood  today  to  compete 
with  other  materials  without  the  information  contained  in 
this  book?  What  about  the  "Wood  Handbook”  ? 

I  am  not  blowing  the  Forest  Products  Laboratory’s  horn. 

I  don’t  have  to,  but  I  can  say  this  with  assurance,  had  it 
not  been  for  the  work  done  at  Madison  there  are  many 
markets  which  we  are  still  serving  that  you  would  have  lost. 

The  benefits  of  industry  of  the  work  done  by  the  Forest 
Products  Laboratory  can  be  measured  in  hundreds  of  mil¬ 
lions  of  dollars  a  year.  What  did  all  of  this  cost?  Since  the 
Laboratory  was  started  in  1910  it  has  spent  on  research  in 
forest  products  in  the  forty-three  period  the  wholly  insig¬ 
nificant  sum  of  $23,334,000.  In  the  same  forty-three  years 
the  lumber  industry  averaged  close  to  25,000,000,000  feet 
per  year.  This  means  that  the  entire  sum  spent  has  been 
less  than  ten  cents  per  thousand  feet  based  on  a  single 
year’s  production.  This  is  a  shameful  record  for  an  industry 
insofar  as  its  regard  for  its  future  is  concerned;  but  to  have 
accomplished  so  much  on  so  little  is  a  record  that  not  only 
the  Laboratory  but  the  entire  industry  can  view  with  pride. 

We  must  look  to  Madison  for  basic  information  on 
wood.  Not  only  that,  we  must  also  learn  to  use  the  basic 
information  which  they  have  developed  and  which  is 
already  available  to  us.  It  is  to  the  self-interest  of  every 
man  engaged  in  the  wood-working  industry  to  see  that  the 
work  at  Madison,  which  is  the  kind  of  basic  research  that 
must  be  publicly  financed,  is  adequately  supported. 

If  I  were  to  say  that  v'e,  in  the  lumber  industry,  are 
unconcerned  about  what  is  transpiring,  it  would  be  wholly 
false. 

The  Board  of  Directors  of  the  National  Lumber  Manu¬ 
facturers  Association,  at  its  meeting  in  Asheville,  North 
Carolina  in  May  of  this  year,  has  authorized  a  spiecial  re¬ 
search  program.  The  amount  of  money  they  are  talking 
about  is  small  indeed  for  the  job  to  be  done.  This  program 
is  to  be  divided  into  two  parts.  The  Committee  on  Products 
and  Research  is  seeking  $100,000  with  which  to  conduct 
a  market  survey  to  find  out  what  is  happening  and  what 
has  happened  to  lumber  markets  and  why.  In  addition  to 
this,  they  are  seeking  $100,000  a  year  to  be  spent  in  gen¬ 
eral  research  in  the  manufacture,  sale  and  use  of  lumber 
and  wood  products.  This  program  is  to  be  continued  over 
a  ten-year  period.  When  and  if  you  arc  approached  to 
contribute  to  this  fund,  do  so  with  the  feeling  that  it  is 
the  cheapest  life  insurance  for  this  industry  that  can  be 
obtained.  Because  of  the  very  nature  of  this  industry,  col¬ 
lective  research  is  the  most  economical. 

We  are  in  an  era  of  constant  change,  an  era  in  which  we 
must  not  permit  our  thinking  to  become  static.  We  are  in 
an  era  in  which  we  must  capitalize  on  engineering  and 
"imagineering”  to  maintain  for  forest  products  that  posi¬ 
tion  to  which  it  is  entitled  as  the  nation’s  greatest  renew¬ 
able  resource  and  the  most  basic  of  basic  materials. 

We  in  this  Society  can  continue  to  carry  the  torch  of 
knowledge  to  enlightened  progress.  I  say,  "Progress  is  this 
industry’s  most  important  product.” 

—  C.  2>.  2)o3Lr 
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To  make  a  tough  skeg  — 

Use  PENACOLITE"  Resorcinol  Adhesives 


•  A  minesweeper  skeg  has  to  be  tough — tough  “Penacolite”  Adhesives  have  proved  time  and 

enough  to  withstand  the  shock  of  rough  seas,  the  time  again  their  excellence  in  marine  bonding, 

hammering  vibration  of  powerful  diesel  engines,  When  fully  cured,  “Penacolite”  bonds  remain  as 

the  stresses  of  shrinkage  and  swelling.  That’s  strong  as  the  woods  they  join  under  actual  service 
where  “Penacolite”  Adhesives  come  in.  The  conditions.  They  are  not  affected  by  fresh  or  salt 

skegs,  built  by  Higgins,  Inc.,  of  Louisiana,  for  water,  and  have  a  high  degree  of  resistance  to 

their  AM-421  minesweepers,  are  made  of  lam-  oils,  greases,  and  most  solvents — an  important 

inated  planks — “Penacolite”-bonded.  The  skeg  requirement  in  truly  seaworthy  wooden-hulled 

protects  the  propellers  and  reinforces  the  after  craft. 

portion  of  the  hull,  while  the  “Penacolite”  Ad-  For  further  information  on  durable  room-tem- 

hesive  forms  a  waterproof  bond  and  lends  perature-setting  “Penacolite”  Adhesives,  write 
strength  to  the  skeg.  today  for  our  free  literature. 


KOPPERS 


KOPPERS  COMPANY,  INC. 

Chemical  Division,  Dept.  FPR-113,  Koppers  Bldg.,  Pittsburgh  19,  Pennsylvania 

PENACOLITE®  RESORCINOL  ADHESIVES 


The  original  resorcinol,  waterproof,  room-temperature-setting  adhesives 
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Wood  Laboratory  Facilities 


The  Forest  Products  Laboratories  of  Canada 

J.  H.  JENKINS 

Chief  of  the  Forest  Products  Laboratories  of  Canada,  a  Division  of  the  Forestry  Branch, 

Department  of  Resources  and  Development,  Canada 


Organization,  equipment,  and  personnel  of  the  Canadian 
.oboratories  are  described.  In  addition,  a  resume  is  given  of  chief 
research  projects  that  have  been  undertaken  in  past  years,  as  well 
CIS  that  work  now  in  process.  The  author  indicates  the  broad 
range  of  work  that  is  done  to  help  the  wood  industry  do  a  better 
job  of  manufacturing  and  utilizing  wood  resources  at  all  levels. 


The  Laboratories 

HE  WIDESPREAD  and  highly  diver¬ 
sified  nature  of  Canada’s  forest 
industries;  their  high  significance  to 
the  national  economy;  and  the  vital 
importance  of  export  markets,  clearly 
indicated  that,  in  the  main.  Forest 
Products  Research  should  be  a  na¬ 
tional  rather  than  a  provincial  func¬ 
tion.  Thus,  in  1913,  in  co-operation 
with  McGill  University,  the  Forest 
Products  Laboratories  of  Canada  were 
established  and  housed  on  the  campus 
of  the  University,  in  Montreal,  P.  Q. 

The  impact  of  war  in  1914  made 
difficult  the  recruiting  of  staff,  and 
for  some  years  development  was 
handicapped  and  expansion  was  slow. 
Yet,  the  increased  demands  for  wood 
for  defence  purposes  and  the  increas¬ 
ing  rigidity  of  specifications  were  im¬ 
portant  factors  in  the  constantly  grow¬ 
ing  volume  of  requests  for  test  data 
on  the  properties  of  various  wood  spe¬ 
cies.  Aircraft  development,  which  en¬ 
tailed  the  use  of  considerable  quan¬ 
tities  of  high-grade  Sitka  spruce,  to¬ 
gether  with  the  rapidly  expanding 
markets  for  Douglas  fir  and  other 
West  Coast  timbers,  were  essential 
factors  in  the  decision  to  establish  a 
second  laboratory  in  1917  on  the 
campus  of  the  University  of  British 
Columbia,  in  Vancouver,  B.  C. 

The  expansion  of  research  facilities, 
an  increasing  staff  of  research  person¬ 
nel,  and  the  coincident  addition  of 
test  and  laboratory  equipment  made  it 
necessary  to  find  larger  quarters  for 
the  Montreal  Laboratory,  and,  with  the 
exception  of  the  Pulp  and  Paper  Unit,- 
the  Forest  Products  Laboratory  at 
Montreal  was  moved  and  established 
io  its  present  quarters  at  Ottawa  in 
1927. 

Both  Laboratories  are  staffed  and 
equipped  for  work  in  all  the  principal 

‘  A  cci:  tributed  article. 

Pulp  .ind  paper  research  is  carried  out  by 
™  Pul;'  .ind  Paper  Research  Institute  of  Can- 
Jaa.  in  Montreal.  This  institute  is  a  non-profit 
rormiral;  n  to  which  the  Canadian  Government 
makts  a  .innual  grant.  Its  management  is  vested 
p  a  Bo,  !  of  Directors  composed  of  representa¬ 
tives  of  -lie  Canadian  Pulp  and  Paper  Associa- 
ti'in,  M  111  University,  and  the  Canadian  Gov- 
'tnment 
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phases  of  research  pertinent  to  wood 
and  its  uses,  including  certain  aspects 
of  the  wood  chemistry  field  not  re¬ 
lated  to  the  manufacture  of  paper. 
The  activities  of  the  two  Laboratories 
are  generally  similar  although  the 
work  at  Vancouver  is  weighted  in 
favour  of  British  Columbia  species. 
Research  activities  are  so  integrated 
that  research  findings  are  valid  wher¬ 
ever  they  are  applicable  in  Canada,  or 
elsewhere. 

Scientific  and  mechanical  equipment 
is  being  constantly  increased  and  every 
endeavour  is  made  to  recruit  and  main¬ 
tain  a  professional  and  technical  staff 
capable  of  rendering  efficient  service 
in  the  varied  and  extensive  pattern 
which  must  be  followed  in  forest 
products  research. 

Organization  of  research  work  fol¬ 
lows  a  predetermined  pattern  which 
provides  a  continuing  program  of 
fundamental  research,  designed  to 
constantly  add  to  the  growing  volume 
of  basic  data  on  record.  To  this  is 
added  a  large  number  of  investiga¬ 
tions  and  studies  in  the  fields  of  ap¬ 
plied  research,  aimed  at  determining 
the  effects  of  the  numerous  factors 
affecting  conversion  and  utilization. 

Research  work  also  extends  to  the 
field  of  more  complete  utilization.  To 
this  end,  basic  and  exploratory  in¬ 
vestigations  are  oriented  towards  de¬ 
termining  methods,  processes,  and  new 
uses  which  would  result  in  a  more 
complete  and  effective  utilization  of 
the  wood  substance  available  from  the 
original  tree. 

There  is,  in  addition,  a  fairly  sub¬ 
stantial  volume  of  work  performed 
for  the  Canadian  Armed  Services  and 
other  Government  departments  and  in 
carrying  out  tests  and  investigations 
requested  by  industry.  It  is  noteworthy 
that  industrial  interest  in  forest  prod- 


Thi$  is  the  first  of  series  of  articles  on 
major  wood  laboratories,  aimed  at  sum¬ 
marizing  for  the  industry  and  the  public 
on  an  international  basis,  the  range  of 
facilities  available  for  all  types  of  wood 
research. — The  Editor. 


ucts  research  is  constantly  growing 
and  that  this  awareness  to  the  value 
and  importance  of  research  findings  is 
reflected  by  the  large  increase  in  en¬ 
quiries  received. 

A  carefully  selected  library  provides 
background  information  and  knowl¬ 
edge  of  the  work  in  other  forest  re¬ 
search  organizations  as  well  as  essen¬ 
tial  reference  material.  In  addition 
regular  contact  is  maintained  with  for¬ 
est  products  research  organizations 
throughout  the  world,  and  the  ex¬ 
change  of  information  is  constant  and 
considered  as  being  of  major  impor¬ 
tance.  Since  research  data  are  pub¬ 
lished  in  many  languages  it  is  often 
necessary  to  translate  original  mate¬ 
rial.  This  is  a  field  where  much  un¬ 
necessary  duplication  has  existed  in 
the  past.  As  a  result  of  an  arrange¬ 
ment  during  the  Forest  Products  Pre- 
Conference,  of  the  British  Common¬ 
wealth  Forestry  Conference,  held  in 
Ottawa  in  August-September,  1952, 
translations  are  now  supplied  to  other 
countries,  and  there  is  a  continuing 
exchange  of  information  as  to  trans¬ 
lations  in  progress. 

Each  year  a  Program  of  Work  is 
prepared  in  an  informative  way  and 
circulated  so  that  other  research  work¬ 
ers  may  be  made  aware  of  the  par¬ 
ticular  projects  under  study  at  Ixith 
the  Ottawa  and  Vancouver  Labora¬ 
tories.  Most  of  the  research  work  is 
national  in  scope.  However,  certain 
projects  are  carried  out  primarily  to 
meet  the  requirements  of  specialized 
areas  where  aspects  of  utilization  are 
of  a  more  unique  nature. 

More  generally  stated,  the  Forest 
Products  Laboratories  of  Canada  aim 
their  activities  so  as  to  provide  a  de¬ 
sirable  balance  between  the  essential 
work  of  fundamental  studies  to  pro¬ 
vide  basic  data  and  investigations  in 
the  domain  of  applied  research.  In 
this  manner  it  is  believed  that  the 
forest  products  industries  are  best 
served  and  that  the  long-term  and 
continuing  benefits  to  the  national 
economy  will  be  of  highest  value. 

A  detailed  review  of  the  organiza¬ 
tion  would  require  much  space — and 
perhaps  be  of  very  limited  use.  The 
accompanying  chart  shows  under  main 
headings  the  Section  and  Unit  organi¬ 
zation  under  which  the  work  is  classi¬ 
fied.  It  will  be  seen  that  within  these 
frames  there  is  ample  scope  for  the 
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Figure  1. — Canadian  FPL 


wide  variety  of  research  pertinent  to 
the  field  of  forest  products. 

Development  has  not  attained  its 
zenith,  and  the  desirability  of  further 
expanding  staff  and  facilities  is  under 
constant  review.  However,  the  results 
achieved  in  the  past  forty  years  have 
provided  an  impressive  fund  of  knowl¬ 
edge  on  the  properties  and  uses  of 
Canadian  wood  species.  These  accumu¬ 
lated  data  serve  to  assess  problems 
arising  out  of  utilization  and  are  of 
high  value  in  planning  additional  re¬ 
search. 

There  is  recognition  that  the  value 
of  research  lies  mostly  in  the  appli¬ 
cation  of  its  findings  in  the  practical 
fields  of  commercial  production.  The 
administration,  therefore,  endeavours 
to  maintain  a  close  liaison  with  forest 
products  industries  so  that,  aware  of 
its  needs  it  can  co-operate  in  finding 
solutions  to  production  problems  as 
well  as  assess  and  evaluate  new  meth¬ 
ods,  processes,  and  equipment. 

It  is  realized  that  in  a  competitive 
economy,  efficiency  plays  a  dominant 
role  and  considerable  work  has  been 
undertaken  to  provide  dependable- 
data  on  various  phases  and  factors  per¬ 
tinent  to  conversion  and  utilization. 
Among  these  studies  are  those  related 
to  sawmilling,  veneer  cutting  and  ply¬ 
wood  production,  the  u.se  of  radio¬ 
frequency  heating,  and  the  recovery 
of  sawmill  and  logging  residue. 

A  Research  Sawmill  of  the  circular 
head  rig  type  has  been  installed  at  the 
Ottawa  Laboratory.  It  is  fully  instru¬ 
mented  to  provide  for  the  control, 
study,  and  recording  of  the  many  vari¬ 
ables  which  affect  lumber  recovery 
and  quality. 

A  commercial  size  rotary  veneer 
lathe,  with  necessary  ancillary  equip¬ 
ment,  and  instrumented  for  researen, 
is  in  operation  at  the  Ottawa  Labora¬ 
tory.  Investigations  include  the  deter¬ 


organizalianal  chart. 

mination  of  the  suitability  of  Cana¬ 
dian  woods — not  now  used — for  cut¬ 
ting  to  veneers  and  for  the  production 
of  plywood,  as  well  as  the  efficiency 
and  suitability  of  various  glues  and 
bonding  processes. 

In  the  field  of  dielectric  heating 
much  applied  research  has  been  com¬ 
pleted.  Special  presses  and  electrode- 
systems  have  been  developed  and  prac¬ 
tical  bonding  data  have  been  secured. 
Available  basic  data  in  this  new  field 
are  very  limited  and  research  work  is 
progressing  towards  the  determination 
of  essential  factors  affecting  the  effi¬ 
ciency  of  radio-frequency  applications. 

In  many  cases  progress  in  rc-.search 
is  largely  dependent  on  the  recording 
of  data  secured  from  actual  operations. 
Field  studies  have  been  made  at  a 
number  of  sawmills,  on  logged  areas, 
and  in  indu.strial  plants  so  as  to  pro¬ 
vide  factual  records  of  production, 
with  a  view  to  assessing  correctly  the 
factors  responsible  for  efficient  opera¬ 
tions.  Ciarcful  planning  and  selection 
of  representative  sites  for  these  studies 
permit  application  of  results  on  a 
broad  basis. 

And  .so,  in  the  fields  of  chemical 
utilization,  wood  structure,  wood  pres¬ 
ervation  and  pathology,  and  timber 
mechanics  and  engineering,  specialists 
and  technicians — with  suitable  labora¬ 
tory  equipment  and  following  recog¬ 
nized  rc-.search  techniques—  are  actively 
engaged  at  recording  and  interpreting 
research  findings,  and  thus  they  ex¬ 
pand  knowledge  applicable  to  forest 
products  research. 

Results  obtained  are  carefully  ana¬ 
lyzed  and  appraised  and  form  the  sub¬ 
ject  matter  of  many  reports  and  pub¬ 
lications  so  that  findings  may  be  avail¬ 
able  and  research  knowledge  dissemi¬ 
nated  where  it  can  best  serve.  The  sec¬ 
ond  edition  (19^1)  of  "Canadian 


Woods — their  properties  and  uses”* 
is  the  principal  publication  of  the  For¬ 
est  Products  Laboratories  of  Canada. 
It  is  a  compendium  on  Canadian 
woods,  with  each  of  its  fifteen  cliap- 
ters  written  by  specialists.  A  large 
number  of  bulletins,  reprints,  papers, 
and  mimeographed  reports  have  been 
published  on  various  phases  of  forest 
products  research  and  are  availabk  on 
request.  A  List  of  Publications  is  ilso 
printed  for  distribution. 

Wood  is  a  complex  material  which 
serves  in  innumerable  ways.  The  j  ;  od- 
ucts  of  wood  permeate  the  Canadian 
economy  and  are  a  vital  factor  in  the 
national  income.  Research  must  on- 
tinue  to  provide  efficient  servic  to 
facilitate  and  enhance  effective  ut  ''za- 
tion.  Co-operation  and  liaison  ith 
government  authorities  and  indnstry 
are  essential  to  the  furtherance  .md 
effectiveness  of  research  servic,  to 
Canada’s  forest-based  industries. 

Personnel 

Recruiting  and  maintaining  a  ci'.ali- 
fied  staff  at  the  Ottawa  and  Vanc<  !vc-r 
Laboratories  has  always  received  the 
closesl  attention,  in  order  to  ei.^urc- 
that  efficient  personnel  woul  !  bc 
available  for  the  highly  divers'iied, 
complex,  and  expanding  field  of  for¬ 
est  products  research.  Careful  a-sess- 
mc-nt  of  the  training  and  experieiuc-  of 
new  personnel,  as  well  as  incr^  .isc-d 
practical  knowledge  gained  through 
years  of  service  in  the  Laborat>)ric-s, 
have  been  combined  to  so  allocali  and 
employ  professional  member  s  and 
technicians  to  best  advantage  in  the 
carrying  out  of  research  work. 

The  growth  of  the  Laboratoric.s  and 
normal  replacement  of  long  service 
retired  personnel  offer  opportunities 
for  advancement.  To  this  end  it  has 
been  the  policy  to  encourage  and 
financially  assist  staff  members  to  ob¬ 
tain  higher  professional  .status  by  fol¬ 
lowing  advanced  university  studies.  It 
has  also  been  recognized  that  valu¬ 
able  personnel,  efficiently  trained  in 
other  countries,  can  be  advantage  nusly 
employed.  The  disturbances  o!  war 
have  resulted  in  the  displacement  of 
many  profe.ssionals  and  the  I  P.L. 
of  C.  have  been  fortunate  in  sceeiring 
the  .services  of  .several,  with  ac.i  'cinic 
training  in  European  countries,  who 
had  specialized  in  timber  reseai  li  or 
in  clo.sely  related  fields. 

In  (ianada  the  general  uni'  rsity 
policy  has  been  to  encourage  u  dc-r- 
graduates  to  secure  practical  c  peri- 
ence  between  university  years  an  t  the 
summer  "vacation”  period  is  rom 
four  to  five  months.  Advantag  has 
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Figure  2. — A  typical  research  praject  in  gluing. 


Figure  3. — The  Canadian  Laboratories  carry  on  much 
research  work  in  seasoning. 


been  taken  of  this  situation  and  uni- 
versby  professors  and  undergraduates 
are  employed  during  the  summer 
months.  This  year  (1953)  four  pro¬ 
fessors  and  26  undergraduates  were 
employed.  These  temporary  staff  ad¬ 
ditions  have,  over  the  years,  permitted 
many  additional  research  projects  and 
have  made  possible  field  work  beyond 
the  compass  of  the  regular  staff.  It  is 
particularly  advantageous  to  have  uni¬ 
versity  professors  return  year  after 
year  to  undertake  and  carry  out  re¬ 
search  work  in  their  specialized  field, 
and  this  phase  of  research  is  being 
expanded  as  opportunity  occurs. 

The  Laboratories  are  also  active  on 
many  technical  committees  including 
the  Fundamental  Research,  the  Test¬ 
ing  and  Control,  and  the  Camp  Heat¬ 
ing  (.ommittees  of  the  Canadian  Pulp 
and  Paper  Association;  the  Paint,  Fur¬ 
niture,  Packaging,  Paper  Products  and 
Building  Board  Technical  Sub-commit¬ 
tees  of  the  Canadian  Government 
Specification  Board;  Structural  Timber, 
Laminated  Construction,  Plywood, 
Millwork  and  Packaging  Committees 
of  the  Canadian  Standards  Associa- 
I  tion;  the  Materials,  Design  and  other 

I  (ommittees  of  the  National  Building 
Code;  the  Research  Co-ordinating 
Committee  on  the  Utilization  of  Mill 
Waste  for  Pulpwood;  Wood  Com¬ 
mittee,  American  Society  for  Testing 
Materials;  Preservatives  (iommittee, 
Ameriian  Wood  Preservers  Associa¬ 
tion;  and  Pre.servation  Committee, 
t  B.  (,.  Plywood  Manufacturers’  As.so- 
liation  and  others  pertaining  to  wood 
utilization  and  forest  products  re- 

I  search. 

The  permanent  personnel  of  the 
Ottawa  and  Vancouver  Laboratories 
now  numbers  118.  Of  these  55  have 
professional  status  and  63  are  labora¬ 
tory  ti  hnicians  and  administrative 
personiM  I. 

Buildings 

The  '  )ttawa  Laboratory  has  con¬ 
tinued  o  (Kcupy  the  same  site — -at 

•  JOUR '  A  L  of  FPRS 


Pretoria  and  Metcalfe  Streets — since  it 
was  transferred  from  Montreal  in 
1927.  In  the  intervening  years  many 
alterations  and  improvements  have 
been  made  to  the  building,  and  a  sec¬ 
ond  building  was  erected  in  1948. 
Even  with  this  added  space,  expansion 
of  research  work  over  the  years  has 
rendered  the  present  quarters  inade¬ 
quate,  and  in  many  respects  they  are 
not  too  well  suited  to  the  requirements 
for  research.  In  1950,  a  separate  build¬ 
ing  was  acquired  to  house  a  Research 
Sawmill  which  was  then  being  estab¬ 
lished.  Its  location  is  some  three  miles 
distant  from  the  main  laboratory. 

War  exigencies  and  post-war  uncer¬ 
tainties  have  delayed  the  building  of 
new  quarters,  but  planning  is  under 
way  for  new  buildings  on  a  suitable 
site.  This  would  include  housing  of 
present  research  facilities,  and  the  Re¬ 
search  Sawmill.  Reasonable  allowance 
for  expansion,  based  on  careful  weigh¬ 
ing  of  the  increasing  dependence  on 
research  data  for  industrial  expansion, 
will  be  envisaged. 

Similarly  the  Vancouver  Laboratory 
continues  to  occupy  buildings  on  the 
campus  of  the  University  of  British 
Columbia,  where  it  was  first  estab¬ 
lished  in  1917.  There  too,  develop¬ 
ment  and  expansion  have  resulted  in 
cramped  quarters.  Planning  of  entirely 
new  quarters — again  on  the  University 
campus — is  in  progress,  and  it  is 
hoped  that  new  accommodation  will 
be  provided  in  the  not  too  far  distant 
future. 

Organization  of  Research 

At  both  Laboratories  the  organiza¬ 
tion  of  research  follows  a  similar  pat¬ 
tern.  The  plan  followed  is  to  group 
related  research  within  separate  Sec¬ 
tions,  composed  of  several  Units,  each 
of  which  is  responsible  for  a  special 
phase  of  research  work.  A  Section 
Head,  with  specialized  qualifications 
and  administrative  ability,  is  in*  imme¬ 
diate  charge  of  the  work  of  the  Sec¬ 


tion,  under  the  control  of  the  Labora¬ 
tory  Superintendent.  In  turn  each 
Unit  within  the  Section  is  in  charge  of 
a  specialist  in  his  particular  field. 
Training  of,  and  specialization  by  the 
technical  personnel  rounds  out  Unit 
organization  and  ensures  a  high  degree 
of  accuracy  in  research  investigations. 

To  round  out  Laboratory  facilities 
a  woodworking  shop  and  a  machine 
and  general  service  shop,  both  ade¬ 
quately  equipped  and  staffed,  provide 
service  and  supply,  and  build  the 
greater  part  of  specialized  equipment 
designed  for  special  research  projects. 

A  brief  description  of  the  work  of 
each  of  the  five  Sections,  together  with 
a  list  of  their  principal  mechanical  and 
laboratory  equipment,  are  given  here¬ 
under. 

Timber  Mechanics 

Timber  engineering:  Determina¬ 
tion  of  the  mechanical  and  physical 
properties  of  Canadian  woods;  timber 
fabrication:  new  forms  of  wood  con¬ 
struction,  including  laminations  and 
arches:  timber  fasteners;  technical  data 
for  use  in  timber  standards  and  build¬ 
ing  codes. 

Plywood:  Problems  incident  to 
the  production  of  veneers  and  the 
manufacture  of  plywewd,  including 
testing  and  studies  on  improved  man¬ 
ufacturing  techniques;  properties  of 
adhesives,  bonding  techniques  and 
durability  of  bonds:  basic  studies  on 
the  use  of  high-frequency  heating  and 
its  uses,  including  investigations  on  its 
application  to  bonding  in  gluing  oper¬ 
ations  and  the  production  of  curved 
plywood  shapes. 

Containers:  Generally,  the  design 
and  testing  of  containers  and  the 
assessment  of  their  suitability  for  car¬ 
rying  intended  loads:  the  study  of  han¬ 
dling  and  transit  hazards:  supplying 
of  technical  data  for  container  codes 
and  studies  aimed  at  improving  con¬ 
tainer  design. 
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Equipment:  Universal  testing  ma¬ 
chines,  200,000  lbs.,  100,000  lbs., 
60,000  lbs.,  30,000  lbs.  and  10,000 
lbs.  capacity:  Hatt-Turner  drop  ham¬ 
mer  impact  testing  machines:  Izod  im¬ 
pact  testing  machine:  toughness  test¬ 
ing  machine:  dynamometers:  screw 
press  for  laminating:  apparatus  for 
testing  telephone  poles. 

Variable  speed  52  inch  veneer  lathe, 
specially  equipped  and  instrumented 
for  research:  clipper:  glue  mixing  and 
spreading  machines:  18  inch  and  48 
inch  temperature  controlled  plywood 
presses. 

Dielectric  heating  units:  edge  glu¬ 
ing  presses:  plywood  moulding  press 
for  use  with  dielectric  heating:  panel 
press  for  gluing  plywood-faced  framed 
panels  (experimental):  viscosimeters: 
gelometers:  Beckman  pH  meter:  ten¬ 
sion  testing  machine  (10,000  lbs. 
cap.):  hazard  testing  machines  (7  ft. 
and  14  ft.):  vibration  table:  Conbur 
impact  testing  machine:  Beach  punc¬ 
ture,  Mullen,  and  drop  testers. 

For  special  ultrasonic  research  in 
wood,  equipment  includes  an  oscillo¬ 
scope  (with  5  inch  cathode  ray  tube) 
and  a  Bridge  oscillator. 

Wood  Preservation  and  Pathology 

Preservation:  Treatment  of  wood 
with  preservatives  by  pressure  and 
non-pressure  methods:  ground-line 
treatments:  service  tests:  chemical 
analyses  of  treated  timber:  determina¬ 
tion  of  the  efficacy  of  new  preserva¬ 
tives:  treatment  of  timber  against 
attacks  by  insects  and  marine  organ¬ 
isms:  durability  tests  on  treated  wood 
by  laboratory  techniques  and  in  service 
installations. 

Pathology:  The  study  of  wood- 
destroying  and  wood-staining  fungi, 
including  their  identification  and  their 
effect  on  the  serviceability  of  timber, 
and  methods  of  control:  identification 
and  life  history  of  fungi,  stain,  and 
moulds:  durability  tests  of  untreated 
wood  by  wood-soil  and  other  accele¬ 
rated  laboratory  techniques. 

Wood  paints  and  coatings:  In¬ 
vestigations  on  the  use  and  composi¬ 
tion  of  paints  and  other  forms  of  sur¬ 
face  coatings  applied  to  wood:  dura¬ 
bility  of  exterior  coatings  on  wood: 
effect  of  various  factors,  such  as  tim¬ 
ber  species,  moisture  content  of  wood, 
and  resin  content  on  surface  coatings: 
fire-retardant  paints  and  coatings. 

Equipment:  Two  semi-commercial 
size  treating  cylinders  (one  5  feet  in¬ 
side  diameter  by  9  feet  long,  another 
22  inch  diameter  by  9  feet  long),  and 
two  smaller  retorts,  as  well  as  all  nec¬ 
essary  auxiliary  equipment  including 
working,  weighing,  and  mixing  tanks, 
pumps,  air  compressors,  “and  vacuum 
pumps:  also  well  equipped  chemical 
laboratories,  including  a  complete 


Beckman  (DU)  spectrophotometer: 
outdoor  test  plots  are  maintained. 

In  addition  to  standard  equipment 
(incubators,  microscopes,  sterilizers, 
etc.)  the  Pathology  Units  have  spe¬ 
cially  designed  refrigerators  for  the 
storage  of  stock  cultures  of  identified 
wood-decaying  and  wood-staining 
fungi,  and  an  "Ultrapak”  microscope 
for  the  rapid  examination  of  opaque 
objects  by  incident  light.  The  latter 
permits  the  detection  and  tracing  of 
fungi,  particularly  staining  fungi,  in 
wood,  without  the  necessity  of  putting 
material  through  the  time-consuming 
processes  necessary  to  make  microscop¬ 
ical  sections. 

The  Wood  Paints  and  Coatings 
Unit  at  Ottawa  is  equipped  with  twin 
arc  weatherometers:  10  inch,  3-roll 
paint  mill:  gloss,  bubble,  and  viscosity 
meters:  paint  spray  equipment. 

Wood  Utilization 

Logging  and  milling:  Studies  per¬ 
tinent  to  the  production  of  lumber  and 
other  primary  manufacturing  products: 
investigation  of  production  methods 
and  equipment  with  a  view  to  more 
complete  utilization:  research  into 
possible  conversion  to  economic  use  of 
material  now  discarded:  investigation 
of  the  likely  benefits  that  would  result 
from  closer  integration  of  wood-using 
industries:  operation  of  a  research  saw¬ 
mill. 

Of  necessity,  these  studies  are  un¬ 
dertaken  in  logging  operations  and  at 
the  sawmills  and  factories  of  co-oper¬ 
ating  industrial  companies  which  have 
been  selected  as  being  representative 
of  the  manufacturing  region  or  forest 
area  being  investigated. 

Secondary  wood-using  industries: 
Research  into  the  secondary  wood¬ 
using  industries,  aimed  at  developing 
more  effective  utilization  and  reducing 
incident  waste:  investigations  initiated 
with  a  view  to  determining  new  out¬ 
lets  for  Canadian  woods,  and  particu¬ 
larly  for  hardwoods:  studies  of  forest 
products  economics. 

Lumber  seasoning:  Investigations 
into  the  theory  and  techniques  of  lum¬ 
ber  seasoning,  including  air-drying, 
kiln-drying,  and  other  methods:  re¬ 
search  and  experimentation  to  secure 
data  for  the  preparation  of  kiln-drying 
schedules:  studies  pertinent  to  season¬ 
ing  practices  in  industry  aimed  at  de¬ 
veloping  improved  methods  of  drying: 
organized  kiln-drying  and  lumber  sea¬ 
soning  courses  of  instruction. 

Equipment:  The  research  sawmill 
at  Ottawa  is  highly  instrumented  for 
obtention  and  recording  of  basic  oper¬ 
ating  data.  Machinery  includes  a  cir¬ 
cular  headrig,  edger,  and  trim  saws. 
It  is  sd  powered  as  to  provide  a  wide 
range  in  saw  and  carriage  speeds.  In- 
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strumentation  includes  a  torque  meter 
on  the  headsaw  shaft,  special  bearings 
equipped  with  strain  gauge  pick  ups, 
saw  and  carriage  speed  counting 
attachments,  three  analyzers,  and  two 
oscillographs. 

The  seasoning  research  equipment 
includes  internal-fan  cross-circuljtion 
dry-kilns  of  experimental  and  commer¬ 
cial  size,  for  studies  in  drying  at  tem¬ 
peratures  below  212°F.  New  kilns  are 
being  built  for  the  study  of  the  funda¬ 
mentals  of  high  temperature  drying  as 
applicable  to  Canadian  woods. 

Wood  Chemistry 

Chemical  utilization  and  organic 
chemistry:  Investigations  and  p'-- 
perimental  production  of  fibreb  jard, 
wallboard,  and  binder  board  .rom 
wood  waste:  studies  aimed  at  thi  pro¬ 
duction  of  improved  wood:  res  arch 
into  the  production  of  tannins  from 
the  bark  of  Canadian  wood  sp.cies; 
studies  on  the  chemical  compc'Mtion 
of  wood  and  on  the  chemist  y  of 
wood,  carbohydrates,  lignin,  and  Dark: 
research  and  experimentation  in'  )  the 
production  and  properties  of  cel'alose 
from  sawdust:  investigations  m  the 
extractives  from  wood. 

Microbiology:  Investigation ^  and 
experimentation  into  the  possibilities 
of  utilizing  wood  waste  by  microbio¬ 
logical  means,  including  research  with 
wood  digesting  organisms  and  the 
microbiological  decomposition  of 
wood. 

Equipment:  Modern  equipment 
for  the  standard  operations  of  organic 
chemistry,  and  of  a  chemical  wood 
utilization  laboratory. 

Disc  refiners,  grinders,  mixers,  and 
beaters  for  the  defibering  and  treat¬ 
ment  of  fibre  stock:  fibre  classifiers 
and  standard  freeness  testers:  hydrau¬ 
lic  presses:  12  inch  sheet  machine, 
and  drying  ovens  for  producing  fibre- 
boards:  disc  chipper  for  chipping 
wood  waste:  wood  hydrolysis  pilot 
plant  for  saccharification  and  extract¬ 
ing  processes. 

Warburg  gas  exchange  apparatus 
for  the  study  of  metabolism,  automatic 
titrating  equipment,  and  theriri (stati¬ 
cally  controlled  incubators. 

Wood  Structure 

Structure  and  uses:  Researtu  into 
wood  structure  and  its  effect  cin  the 
properties  and  behaviour  of  w  od  in 
service:  investigations  into  the  nicro- 
structure  of  Canadian  timber  oecies 
and  the  effects  and  causes  of  regU' 
larities  in  wood  structure:  stuc  cs  on 
the  reaction  of  wood  structure  'o  the 
penetration  of  chemicals,  and  n  the 
use  of  chemicals  to  improve  iimen- 
sional  stability. 

Anatomy-growth  relationship:  Co¬ 
operative  studies  with  the  For<  t  Re- 
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search  Division  aimed  at  determining 
the  erects  of  various  natural  growth 
condit.ons  and  of  silvicultural  practices 
on  wood  quality. 

Wood  identification:  Work  re¬ 
lated  to  the  identification  of  wood, 
and  maintenance  of  a  reference  collec¬ 
tion  ot  woods  of  the  world  and  the 
recording  of  data  pertinent  to  wood 
identi’’cation. 

Eqiiipment:  Low-power  binocular 
to  st.!ndard  high-power  microscopes, 
with  phase  contrast  equipment,  micro¬ 
tomes  and  other  similar  equipment,  all 
suited  to  microscopic  investigation  of 
wood  structure;  cameras  for  photo- 
micro, c-raphic  records  up  to  8  inch  x 
10  inch  inclusive. 

The  organization  of  research  work 
within  clearly  defined  frames  facili¬ 
tates  allocation  and  investigation  of 
research  problems  and  enhances  or¬ 
derly  progress  in  long-term  project 
work.  It  has  also  been  found  particu¬ 
larly  beneficial  when  industrial  in¬ 
quiries  involve  special  research.  Prob¬ 
lems  pertinent  to  wood  utilization  can¬ 
not  always  be  solved  along  a  single 
line  of  investigation  and  internal  or¬ 
ganization  is  such  that  interrelation 
and  co-ordination  between  units  and 
sections  is  greatly  facilitated. 

As  an  important  phase  of  labora¬ 
tory  investigations,  a  well  equipped 
Photographic  Unit  serves  all  sections. 
Necessary  and  desirable  photographic 
records  are  thus  speedily  and  readily 
obtained.  In  addition  all  photographic 
work  for  the  illustration  of  publica¬ 
tions  is  assigned  to  this  Unit. 

Past  Research 

Through  the  years  since  their  for¬ 
mation  the  F.P.L.  of  C.  have  continued 
to  follow  a  plan  intended  to  continu¬ 
ally  expand  the  record  of  basic  data 
on  the  properties  and  uses  of  Cana¬ 
dian  timber  species.  Close  contact  with 
the  work  of  other  forest  products  re¬ 
search  organizations  throughout  the 
world  has  also  provided  additional 
and  valuable  information. 

An  extensive  program  of  timber 
testing  has  resulted  in  the  accumula¬ 
tion  of  data  on  the  mechanical  prop¬ 
erties  of  dll  Canadian  commercial  tim¬ 
ber  spec  ies.  These  tests  are  carried  out 
on  carefully  selected  clear  specimens 
2nd  on  timbers  of  structural  sizes. 
From  these  data  basic  and  working 
stresses  have  been  computed  and 
Strength  tables  prepared  for  use  in 
designs. 

There  have  been  two  distinct  ap¬ 
proaches  to  research  into  the  durabil¬ 
ity  of  vjrjous  Canadian  woods.  Patho¬ 
logical  adies  have  determined  the 
^ypes,  C'. '.ditions  of  occurrence,  and 
the  det;  oration  caused  by  different 
fungi.  1  se  studies  have  extended  to 
logs,  pui  wood,  and  other  material  in 
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Figure  4. — Research  in  better  small  sawmill  aperation  has  been  one  of  strong  points 
in  Canadian  research.  This  is  a  continuing  project. 


the  round,  through  phases  of  their 
conversion  and  use.  Results  obtained 
have  been  interpreted  and  serve  as  a 
basis  for  preventive  measures  to  elimi¬ 
nate  or  greatly  reduce  fungi  infection. 
The  second  phase  has  dealt  with  the 
treatment  of  wood  with  preservatives 
to  determine  their  suitability  for  use 
for  various  treating  methods  and  to 
record  the  increased  service  life  ob¬ 
tained.  Data  on  increased  durability 
obtained  through  the  use  of  preserva¬ 
tives  are  now  on  record  for  many 
Canadian  timber  species. 

The  design  and  service  value  of 
containers  have  been  investigated  and 
records  of  resistance  to  handling  and 
transit  hazards  are  now  available  for 
containers  of  many  types.  Studies  have 
included  redesign  of  containers  in  use 
and  new  designs  for  specific  loads,  as 
well  as  careful  review  of  construction 
to  determine  the  most  economic  pro¬ 
duction  of  acceptable  packaging. 

The  air-seasoning  and  kiln-drying 
of  lumber  have  been  the  subject  of 
intensive  study  and  experimentation 
and  drying  schedules  and  piling  meth¬ 
ods  have  been  developed.  These  in¬ 
vestigations  have  resulted  in  the  accu¬ 
mulation  of  data  pertinent  to  the  sea¬ 
soning  of  Canadian  species  of  board 
and  structural  sizes,  and  the  drying  of 
specialized  stock.  Kiln-drying  and  sea¬ 
soning  courses  are  held  each  year  at 
Vancouver  and  Ottawa. 

Logging  and  milling  studies  perti¬ 
nent  to  the  factors  that  affect  quantity 
and  quality  recovery  have  been  carried 
out  on  a  large  number  of  logging 
sites  and  in  numerous  sawmills  of  vari¬ 
ous  types.  More  recently  intensive 
studies  at  the  Research  Sawmill  oper¬ 
ated  at  Ottawa  are  providing  funda¬ 
mental  data  on  the  variables  involved 
in  conversion  processes. 

Recognition  of  the  economic  waste 
of  valuable  wood  substance  through 


residue  occurring  in  log  conversion 
and  other  manufacturing  processes  has 
resulted  in  many  studies  aimed  at  re¬ 
ducing  such  waste  to  a  minimum  and 
at  finding  economic  uses  for  the  vari¬ 
ous  types  of  residue.  Investigations  in 
the  field  of  waste  utilization  have  in¬ 
cluded  reprocessing  and  chemical  con¬ 
version,  and,  recently,  research  in  pos¬ 
sible  new  production  through  micro¬ 
biological  means. 

The  chemistry  of  wood  has  been 
the  base  for  extensive  research  and  a 
considerable  volume  of  data  is  on 
record  relative  to  the  chemical  com¬ 
position  and  chemical  processes  for 
the  utilization  of  wood  substance.  In 
this  field  production  of  tannins,  de¬ 
termination  of  extractives,  recovery  of 
lignin  from  waste  pulp  liquors,  and 
hydrolysis  have  been  the  principal 
avenues  of  research. 

Veneer  and  plywood  production, 
through  their  various  processes,  and 
including  adhesives  and  bonding 
methods  have  all  been  the  basis  of 
many  research  projects,  and  here 
again  available  records  contain  exten¬ 
sive  data  of  a  fundamental  and  ap¬ 
plied  nature. 

The  use  of  radio- frequency  power 
in  wood-using  industry,  and  particu¬ 
larly  in  wood  bonding  operations  has 
received  intensive  study.  Fundamental 
data  have  been  obtained  and  practical 
applications,  including  the  production 
of  curved  plywood  shapes  and  build¬ 
ing  panels,  have  been  developed.  Data 
on  the  dielectric  properties  of  Cana¬ 
dian  wood  species  have  been  recorded. 

In  review,  past  research  of  the 
F.P.L.  of  C.  has  been  so  oriented  as  to 
procure  basic  and  applied  data  on  the 
complex  factors  involved  in  all  con¬ 
version  processes,  and  to  determine 
those  conditions  which  produce  the 

(Continued  on  page  12) 


13 


Glues  and  Gluing 


The  Strength  of  Dowel  Joints  as  Affected 
by  Hole  Size  and  Type  of  Dowel* 

WILLIAM  T.  NEARN,  NEWELL  A.  NORTON,  and  WAYNE  K.  MURPHEY 

Department  of  Forestry,  The  Pennsylvania  State  College,  State  College,  Pa. 


Describes  tests  to  determine  effect  of  hole  sizes  versus  dowel 
sizes  for  various  types  of  dowels  as  related  to  joint  strength. 


Introduction 

The  use  of  the  wooden  dowel  pin 
as  a  device  for  increasing  the 
strength  and  rigidity  of  joints  corn- 
nosed  of  two  or  more  pieces  of  wood 
has  long  been  a  standard  device  of  the 
wood  worker.  The  performance  of 
such  joints  ranges  from  very  satisfac¬ 
tory  to  poor.  Both  the  manufacturer 
and  the  owner  of  furniture  have  had 
the  painful  experience  of  having  a 
piece  "fall  apart  at  the  joints”  par¬ 
ticularly  where  dowels  have  been  in¬ 
volved.  There  are  numerous  reasons 
why  such  failures  occur,  not  all  of 
which  can  be  reduced  to  a  problem 
suitable  for  laboratory  study.  The  in¬ 
formation  that  follows  was  gathered 
in  the  hope  that  it  may  contribute 
toward  improving  the  design  of  dowel 
joints  and  is  concerned  with  what  is 
believed  to  be  two  of  the  most  impor¬ 
tant  variables  involved;  the  type  of 
dowel  used,  and  the  size  of  the  hole 
into  which  it  is  inserted. 

When  a  dowel  is  incorporated  into 
a  joint  it  does  three  things.  First,  it 
increases  the  area  of  the  glue  line, 
adding  to  the  original  joint  an  area 
equal  to  that  of  the  cylinder  formed 
by  the  dowel.  This  lowers  the  stress 
on  the  original  glue  line  since  the  ar(;a 
A  in  the  equation  S  =  P/A  is  in¬ 
creased.  Secondly,  it  reduces  the  area 
of  the  original  glue  line  by  an  amount 
equal  to  the  area  of  the  dowel  hole. 
This  tends  to  increase  the  stress  on 
the  original  joint  since  A  is  reduced. 
Thirdly,  a  dowel  may  present  a  more 
favorable  gluing  surface  than  was  pre¬ 
viously  available  in  the  joint.  The  lat¬ 
ter  is  probably  the  most  important 
function  of  a  dowel  and  is  the  reason 
for  its  use  in  many  joints.  Such  would 
be  the  case  where  end  grain  is  joined 
to  end  or  edge  grain. 

The  foregoing  statements  show  that 
a  dowel  contributes  effectively  to  the 

1  A  contributed  paper.  Authorized  for  publica¬ 
tion  in  the  Journal  Series  of  the  Pennsylvania 
Agricultural  Experiment  Station  as  paper  num¬ 
ber  1821. 


Strength  of  a  joint  only  if  it  increases 
the  area  available  for  gluing  or  gives 
a  more  favorable  grain  combination 
and  is  used  in  a  fashion  so  as  to  per¬ 
mit  the  formation  of  a  satisfactory 
glue  bond  between  the  dowel  and  the 
pieces  of  wood  being  joined.  The  im¬ 
portance  of  the  bond  between  dowel 
and  joint  members  may  be  further 
emphasized  by  pointing  out  that  the 
foregoing  effects  would  be  nullified  by 
a  poor  glue  bond.  The  factors  that 
affect  this  glue  line  are  the  species  of 
wood  used,  the  type  of  joint,  the  type 
of  glue,  gluing  technique,  length  and 
diameter  of  the  dowel,  type  of  dowel, 
and  the  size  of  hole  into  which  the 
dowel  is  inserted.  While  it  would  be 
possible  by  means  of  a  complex  ex¬ 
perimental  design  to  investigate  all  of 
these  variables  simultaneously,  it  is 
doubtful  that  the  results  would  justify 
the  effort.  An  alternate  approach  is  to 
hold  all  except  one  or  two  of  the 
most  important  variables  constant  and 
thus  determine  the  effect  of  the 
selected  variables  on  joint  strength. 
In  the  work  being  reported,  species  of 
wood,  type  of  glue,  length  and  diam¬ 
eter  of  dowel  and  type  of  joint  were 
held  constant.  Type  of  dowel  and 
hole  size  were  varied  so  that  the  three 
forms  of  dowels  shown  in  Fig.  1, 
each  inserted  in  four  sizes  of  dowel 
holes,  came  under  study. 


Figure  1. — Standard,  compressed  and  spiral 
dowels  of  the  type  used  in  this  study. 


Procedure 

In  order  to  determine  the  st  ngth 
of  the  glue  line  and  hence  the  st  ngth 
of  the  dowel  joint  without  sub,  ting 
the  dowel  itself  to  a  combinat:  m  of 
difficult-to-measure  and  poorly  c  .ined 
stresses,  use  was  made  of  a  st  idard 
timber  test  specimen  altered  s(  is  to 
accommodate  a  dowel.  A  m  lifted 
form  of  the  test  piece  that  is  st j  idard 
for  tests  in  tension  perpenditi  iar  to 
the  grain  was  employed.  Two  deces 
of  commercial  red  oak  were  Ian'  nated 
so  that  a  glue  line  was  located  ;t  the 
point  of  minimum  tensile  area  In  all 
specimens  except  controls,  the  as-,.mbly 
was  further  modified  by  the  a<idition 
of  a  %  inch  dowel  in  the  centv.r  and 
at  right  angles  to  the  tensile  area,  as 
shown  in  Fig.  2.  With  the  exuption 
of  the  glue  line  and  dowel  the  test 
pieces  conformed  to  those  described  in 
ASTM  D-143-48.1 

Tests  were  performed  on  specimens 
that  were  fabricated  using  nominal 
inch  standard,  compressed  and  spiral 
dowels.  Each  of  these  dowel  types 
were  inserted  into  24/64,  2“)  64, 
26/64  and  27/64  inch  holes.  In  ad¬ 
dition  a  control  group  of  specimens 
was  manufactured  in  which  the  cen- 


^  Standard  Methods  of  Testing  Sni.ill  Clear 
Specimens  of  Timber,  American  Societs  of  Test¬ 
ing  Materials,  Serial  Designation  O  14M8. 
Book  of  Standards  Pt.  11,  Philadelplo i,  Penn¬ 
sylvania,  1‘248. 


Figure  2. — Cutaway  view  af  tes'  speci¬ 
men  showing  general  design  and  -osition 
of  dowel.  Dowel  normolly  extends  tc  lop. 
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Table  1 — AVERAGE  TEST  VALUES  FOR  DOWEL  TYPES  AND  HOLE  SIZES 


hole  Size  imcMCS) 


A  SPlIIAL 

e  eoMTsoL  t 

^USLiftHCD 
C  ConPHESSCO 
O  STANOAQO 

Figure  3. — Graph  of  rough  data  showirrg 
relationship  between  dowel  types  and  hole 
sizes. 


tral  ^lue  line  was  present  but  no  dow¬ 
els  were  used. 

All  the  lumber  used  in  this  study 
was  wood  of  the  red  oak  group  ob¬ 
tained  from  second  growth  hardwood 
forests  of  central  Pennsylvania.  The 
criteria  used  in  its  selection  were  that 
it  be  flat  sawn,  of  average  specific 
gravity  and  essentially  free  of  defects. 
In  the  fabrication  of  the  test  specimens 
a  liquid,  cold,  hide  glue  was  used.  A 
detailed  account  of  the  selection  of  the 
material,  the  gluing  procedure  and  the 
manufacturing  process  used  to  pre¬ 
pare  the  specimens  is  given  by  Bedell. - 
Tests  in  tension  were  performed  on 
a  four-screw,  Tinius-Olsen,  universal 
testing  machine  following  the  proce¬ 
dure  in  ASTM  D-l 43-^8.  Tensile 
strength  values  were  calculated  using 
p 

the  equation  S  =  —  where  S  =  ten¬ 


sile  strength  in  pounds  per  square 
inch;  P  =  maximum  load  in  pounds 
and  A  =  actual  area  of  the  minimum 
section  which  in  the  case  of  specimens 
containing  dowels  was  equal  to  the 
total  cross  sectional  area  of  the  speci¬ 
mens  minus  the  area  of  the  dowel 
hole. 

Results 

Fig.  3  is  a  graphical  representation 
of  the  average  values  obtained,  from 
all  tests.  Since  the  information  being 
considered  was  collected  over  a  fairly 
long  period  of  time  and  by  different 
investigators,  the  number  of  observa¬ 
tions  in  each  dowel  and  hole  size 
group  was  not  the  same.  In  order  to 
facilitai  statistical  treatment  48  ob- 
^rvatiois  were  selected  at  random 
from  e.u  h  dowel  and  hole  size  class. 
The  average  values  obtained  -from  this 
sdecteil  .lata  are  reported  in  Table  1. 

’  ^del.  Joseph  H.  19S2.  A  Preliminary  Study 
the  Ed  (ts  of  Hole  Size  on  the  Strength  of 
o<i»el  J,.  ots  in  Tension.  Master  of  Forestry 
ihesis  r  partment  of  Forestry,  The  Pennsyl- 
'tnia  Stat(  College. 
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Standard  Compressed  Spiral  All  Dowel 

Hole  Size  Dowel  Dowel  Dowel  Types  Control 

24/64  478  ±  35»  578  *  35  870  ±  35  642  *  20 

25/64 _ _ -  822  ±  35  726  ±  35  889  =*=  35  812  *  20 

26/64  856  =t  35  766  =t  35  788  ±  35  803  *  20  807  ±  27 

27/64 . . -  622  ±  35  673  ±  35  825  =fc  35  706  *  20 

All  Hole  Sizes . .  694  ±  17  685  ±  17  842  ±  17 


•■’Standard  error  computed  from  the  mean  square  of  the  “within  group”  term  in  the  analysis  of  variance. 


Table  2 — ANALYSIS  OF  VARIANCE  BASED  ON  SELECTED  TEST  DATA 


Term  D.F. 

Between  dowels _ _ _  --  2 

Between  hole  size _  3 

Interaction . 6 

Total  between  classes.  _  .  11 

Within  classes.  - - .564 


Total _ _ - . — 

Correction . . . . 

♦Indicates  sig.  at  the  1%  level. 

A  comparison  of  the  selected  data  of 
Table  1  and  the  complete  data,  of 
Fig.  3  shows  that  the  trends  indicated 
in  each  case  are  the  same. 

These  data  were  analyzed  by  means 
of  an  analysis  of  variance,^  Table  2, 
in  order  to  determine  the  extent  to 
which  such  factors  as  dowel  type,  hole 
size  and  the  interaction  between  dowel 
type  and  hole  size  contribute  to  the 
total  variation  appearing  in  the  test 
results. 

The  table  shows  that  the  mean 
square  deviations  that  are  due  to  the 
effect  of  dowel  type,  hole  size  and  the 
interaction  between  dowel  type  and 
hole  size  are  large,  while  those  due  to 
the  variation  within  classes  having  a 
fixed  dowel  type  and  fixed  hole  size 
are  relatively  small.  When  the  first 
three  effects  mentioned  above  are 
tested  against  the  within  class  varia¬ 
tion  by  means  of  an  F  test,  the  differ¬ 
ences  are  found  to  be  significant. 

Since  significant  differences  have 
been  shown  to  exist,  it  now  becomes 
necessary  to  show  where  such  differ¬ 
ences  occur.  In  considering  the  overall 
effect  of  dowel  type  as  shown  in  the 
column  labelled  "All  Hole  Sizes”  in 
Table  1,  it  is  apparent  that  the  spiral 
dowels  produced  the  strongest  joints 

*  Fisher.  R.  A.  Statistical  Methods  for  Re¬ 
search  Workers.  Hafner  Publishing  Company, 
New  York,  1950. 


Sum  Squares 

2,998,320 

2,873,162 

2,924,919 

M.S. 

1,499,160 

957,721 

487,486 

F. 

259  ♦ 

16.5  * 
8.4  ♦ 

8,796,401 

799,673 

32,580,029 

.57,766 

41,376,430 

312,276,584 

regardless  of  the  size  hole 

into  which 

they  were  inserted.  Although  the  aver¬ 
age  value  for  standard  dowels  is 
higher  than  the  average  for  compressed 
dowels  there  is  no  significant  differ¬ 
ence  between  the  two.  The  total  effect 
of  hole  size  is  shown  in  Table  1  by 
the  column  labelled  "All  Dowel 
Types.”  Holes  that  are  1/64  or  2/64 
inches  larger  than  the  dowel  inserted, 
give  joints  of  highest  strength. 

The  presence  of  a  significant  inter¬ 
action  between  dowel  type  and  hole 
size  as  shown  by  the  analysis  of  vari¬ 
ance  means  that  the  combined  effect 
of  dowel  type  and  hole  size  differs 
from  the  effect  shown  separately  by 
each  of  these  factors.  This  is  well 
illustrated  in  Table  1.  The  standard 
and  compressed  dowels  show  a  well 
defined  and  similar  trend  in  response 
to  a  change  in  hole  size,  while  spiral 
dowels  appear  to  perform  almost 
equally  well  regardless  of  hole  size. 
In  other  words  the  effect  of  hole  size 
on  joint  strength  differs  according  to 
the  type  of  dowel  used. 

It  is  difficult  to  compare  the  dowel 
joints  with  the  control  or  with  the 
published  value  of  red  oak  in  tension 
perpendicular  to  the  grain.  Individual 
averages  in  Table  1  exceed  the  control 
value  in  several  cases,  but  when  the 
variation  is  considered,  no  significant 


Figure  4. — Cutaway  view  of  test  specimen.  The  dark  mass  in  the  left  hand  block  is  glue 
that  has  been  forced  out  of  the  %  ineb  bole  by  the  insertion  of  a  %  inch  dowel. 
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differences  can  be  detected.  It  may  be 
said,  however,  that  standard  %  inch 
dowels  in  25/64  and  26/64  inch  holes 
as  well  as  spiral  dowels  in  24/64, 
25/64,  27/64  and  probably  26/64 
inch  holes  produced  joints  equal  to 
the  control  group  and  essentially  equal 
to  the  strength  of  red  oak  in  tension 
perpendicular  to  the  grain. 

Discussion 

The  results  stated  above  seem  to  be 
explainable  on  the  basis  of  observa¬ 
tions  made  during  and  after  testing. 
In  general  the  strength  differences 
that  occurred  among  the  joints  were 
due  primarily  to  the  effect  of  the  dowel 
type  and  size  of  the  dowel  hole  on  the 
two  glue  lines  that  ex  sted  within  the 
specimen,  i.e.,  the  one  between  the 
dowel  and  the  individual  laminae  and 
the  one  between  the  two  laminae.  It 
is  convenient  to  discuss  these  effects  by 
dowel  type. 

Standard  dowels:  Consider  first 
the  possible  effect  of  hole  size  on  the 
glue  bond  between  the  dowel  and  the 
individual  laminae.  If  this  hole  were 
approximately  the  same  size  as  the 
dowel  pin,  it  is  possible  that  sufficient 
resistance  would  be  offered  to  the  in¬ 
sertion  of  the  pin  so  that  both  the  pin 
and  the  inside  of  the  hole  would  be 
stripped  of  glue  to  the  extent  that  the 
adhesive  remaining  would  not  be  suffi¬ 
cient  to  form  a  good  bond.  That  this 
did  occur  is  amply  illustrated  by  Fig.  2 
and  Fig.  4  which  are  cut-away  views 
of  a  test  specimen  in  which  %  inch 
standard  dowel  was  used  in  a  %  inch 
hole.  The  dark  mass  of  glue  which  has 
been  pushed  forward  is  clearly  visible 
in  both  figures.  That  a  poor  bond  was 
obtained  is  substantiated  by  Table  1 
which  shows  that  a  %  inch  standard 
dowel  used  with  a  %  inch  hole  gave 
the  lowest  average  strength  of  all 
joints  tested.  To  carry  this  discussion 
to  its  logical  conclusion  it  is  necessary 
to  point  out  that  if  the  hole  were  con¬ 
siderably  larger  than  the  dowel,  a 
poor  glue  line  would  result  because 
of  the  gap  between  the  dowel  and  the 
other  joint  members.  This  results  in 
either  large  voids  in  the  glue  line  or 
an  excessively  thick  and  consequently 
weak  glue  line.  'Such  a  situation  is 
illustrated  in  Fig.  5.  Once  again  the 
data  in  Table  1  bear  out  this  conten¬ 
tion.  When  hole  size  is  increased  to 
27/64  there  is  a  distinct  decrease  in 
joint  strength. 

Now  consider  the  effect  of  dowel 
hole  size  on  the  major  glue  line  be¬ 
tween  the  individual  laminae.  If  the 
fit  between  the  dowel  and  dowel  hole 
were  extremely  tight,  the  Jwo  one-inch 
pieces  that  were  joined  to  form  the 
test  specimen  would  not  be  able  to 
achieve  the  intimate  contact  necessary 


to  produce  a  satisfactory  bond.  That 
such  was  the  case  when  a  %  inch 
dowel  is  used  with  a  %  inch  hole  is 
indicated  by  the  fact  that  this  com¬ 
bination  of  dowel  and  hole  size  gave 
results  lower  than  any  other  combina¬ 
tion  tested.  It  should  be  noted,  how¬ 
ever,  that  the  topic  under  discussion 
would  assume  less  importance  in  the 
case  of  a  joint  where  end  grain  is 


joined  to  end  grain  or  end  gr.iin  to 
side  grain.  In  the  latter  instances  the 
joints  themselves  would  be  inherently 
weak  and  the  holding  power  ot  the 
dowel  glue  joint  would  be  of  jinniary 
concern. 

Aging  of  these  joints  took  place- 
only  as  a  result  of  requiring  that  at 
least  seven  days  elapse  between  the 
gluing  and  machining  of  the  speci- 


in. 


Z«)/64  In.  a7/64  in. 

Figure  6. — Cross  section  of  compressed  dowels  inserted  in  the  four  hole  size  closse  (5X). 
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men-;.  Probably  an  average  of  about 
thrc  weeks  aging  took  place  between 
gluihg  and  testing.  From  this  it  may 
be  cen  that  the  effect  of  aging  of  a 
dov-^l  joint  is  not  treated  in  this 


( ompressed  dowels:  The  expla¬ 
nation  of  the  action  ^f  the  compressed 
dow  els  parallels  that  of  the  one  offered 
unu  T  standard  dowels.  It  will  be 
not'd  however  that  the  lowest  value 
rep')rtcd  for  the  compressed  dowels  is 
higiicr  than  the  lowest  reported  for 
the  standard  dowels  and  that  the 
highest  value  reported  for  the  com¬ 
pressed  dowels  is  lower  than  that  of 
the  highest  for  the  standard  dowels. 
This  may  be  explained  in  the  follow¬ 
ing  manner.  Because  of  the  ridged 
shape  of  a  compressed  dowel  the  fit  of 
a  %  inch  compressed  dowel  in  a  % 
inch  hole  is  not  as  tight  as  that  of  a 
standard  dowel  under  the  same  cir¬ 
cumstances.  This  means  that  more  glue 
is  retained  to  form  a  bond  and  that 
the  pieces  joined  may  come  into  closer 
contact.  There  is,  however,  still  some 
stripping  of  the  glue  and  some  resist¬ 
ance  to  the  mating  of  the  main  joint 
members.  In  the  case  of  the  25/64  and 
26/64  inch  holes  where  the  com¬ 
pressed  dowels  showed  their  greatest 
strength  it  is  believed  that  failure  of 
the  compressed  dowels  to  expand  com¬ 
pletely  caused  the  performance  of  the 
latter  to  be  less  satisfactory  than  stand¬ 
ard  dowels  under  the  same  circum¬ 
stance's.  This  lack  of  expansion  may  be 
seen  in  Fig.  6  which  also  illustrates 
the  effect  of  the  use  of  different  hole 
sizes  with  compressed  dowels. 

An  additional  comment  should  be 
made  regarding  dowel  failure  during 
test.  Unlike  the  standard  dowels  the 
compressed  dowels  showed  a  tendency 
to  fail  in  shear  or  tension.  This  is  not 
meant  to  imply  that  there  was  consist¬ 
ent  failure  of  the  compressed  dowels 
hot  to  point  out  that  dowel  failure 
did  occur  more  frequently  than  in  the 
other  dowel  types.  Fig.  7  illustrates 
the  type  of  failures  occurring  with 
compressed  dowels. 

Spiral  dowels:  The  results  ob¬ 
tained  with  spiral  dowels  are  such  that 
the  preceding  comments  do  not  ap¬ 
ply.  Table  1  shows  that  this  type 
dowel  performed  almost  equally  well 
regardless  of  hole  size.  Apparently 
this  IS  due  to  the  construction  of  the 
dowel  itself.  The  spiral  grooves  along 
with  I  he  vertical  channels  will  permit 
the  n  untion  of  some  glue  regardless 
of  th  tightness  of  the  fit  between 
dowel  and  dowel  hole.  When  a  % 
inch  piral  dowel  is  inserted  in  a  ^ 
inch  ole  the  glue  line,  rather  than 
I’ting  uniform  film,  -would  have  the 
forrr,  ,f  a  spiral  plus  two  columns.  In 
spite  (.f  this  configuration  it  appears 
^0  p^  orm  well.  As  the  size  of  the 
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Figure  7. — Dowel  failures  occurring  with  compressed  dowels. 


dowel  hole  increases  toward  the  maxi¬ 
mum  of  27/64  there  is  a  decrease  in 
strength  but  only  of  a  magnitude  that 
could  be  considered  as  being  indicative 
of  significance.  It  is  logical  to  assume 
that  if  the  hole  size  were  increased  be¬ 
yond  27/64  the  decrease  in  joint 
strength  would  be  more  pronounced. 
Fig.  8  illustrates  the  appearance  of 
spiral  dowels  in  the  various  hole  sizes. 

Some  dowel  failure  did  occur  when 
the  spiral  dowels  were  tested.  It  took 
the  form  of  a  shear  failure  of  the 
wood  between  the  .spirals.  It  is  to  be 
expected  that  any  failure  of  dowels 
of  this  type  will  take  this  form  since 
by  cutting  the  spiral,  the  area  under 
the  highest  shearing  force  is  reduced 
and  hence  the  stress  in  shear  increased 
for  a  given  load. 


Conclusions 

While  it  is  not  the  purpose  of  this 
paper  to  condemn  or  condone  any  par¬ 
ticular  type  of  dowel,  there  are  certain 
very  apparent  conclusions  that  must  be 
drawn. 

Regarding  the  effect  of  hole  size  on 
joint  strength,  the  data  examined  defi¬ 
nitely  show  that  superior  joints  will  re¬ 
sult  if  the  dowel  is  inserted  into  a  hole 
that  is  1/64  or  2/64  inches  larger 
than  the  dowel  being  used.  Since  in 
certain  furniture  designs  chair  rungs 
and  backs  are  constructed  so  that  they 
are  directly  comparable  to  dowel 
joints,  this  statement  should  apply 
equally  well  to  such  construction. 

(Continued  on  page  72) 


Figure  8. — Cross  section  of  spiral  dowels  inserted  in  the  four  hole  size  classes  (5X) 


Glues  and  Gluing 


Gluing  Problems  in  a  Piano*  Factory 


Practical  suggestions  in  gluing  of  fine  wood  parts  are  given. 
An  orderly  program  for  switching  over  from  cold  to  hot  pressing  in 
certain  operations  is  described.  Method  is  also  described  for  deter¬ 
mining  percent  of  cure  in  terms  of  degrees  and  minutes  for  heat 
excelerated  cold  setting  urea  formaldehyde  glues. 


PIANOS  ARE  SHIPPED  to  all  parts  of 
the  country  and  to  many  foreign 
lands,  which  means  that  the  glue  lines 
are  subjected  to  extremes  of  high  and 
low  humidity.  In  addition,  pianos  are 
relatively  heavy  so  that  good  strength 
is  essential.  Finally,  pianos  are  treas¬ 
ured  by  their  owners  so  that  beauty  is 
also  important. 

Gluing  problems  at  Baldwin  Com¬ 
pany  are  referred  to  the  "Gluing 
Group”  which  consists  of  the  Master 
Mechanic,  Mill  &  Cabinet  Superin¬ 
tendent,  foreman  of  the  department 
concerned  and  the  chemical  engineer. 
The  close  cooperation  of  these  men 
with  their  varied  backgrounds  guaran¬ 
tees  that  all  problems  are  considered 
from  the  standpoint  of  workman’s 
skill,  equipment,  theory  and  test  re¬ 
sults. 

Sources  of  information  regarding 
wood  and  gluing  are  the  following 
three  Forest  Products  Laboratory  pub¬ 
lications: 

1.  The  Wood  Handbook;  2.  Strength 
&  Related  Properties  of  Woods  Grown 
in  the  United  States — Tech.  Bui.  479 
and  especially  3.  The  Gluing  of  Wood 
— U.S.D.A.  Bui.  No.  1500. 

Bulletin  No.  1500 — The  Gluing  of 
Wood — is  excellent.  The  fundamen¬ 
tals  set  forth  in  this  book  apply  to  the 
"gluing  operation”  regardless  of  what 
kind  of  glue  is  used.  The  "Key  to 
Cause  of  Gluing  Defects”  (pages  60- 
61 )  serves  as  a  most  helpful  "Check 
List”  when  trouble  shooting. 

Next,  the  Journal  of  the  Forest 
Products  Research  Society,  September, 
1952,  pages  87—116  gives  an  excellent 
series  of  articles  on  animal,  casein, 
phenol,  resorcin,  urea,  and  melamine 
adhesives. 

Finally,  handbooks  and  instruction 
sheets  supplied  by  adhesive  manufac¬ 
turers  give  very  helpful  information 
and  their  instructions  on  such  matters 
as  mixing,  extension,  moisture  con¬ 
tent  of  wood,  pressure  and  Uamping 
time  at  various  temperatures  should  be 
followed  very  carefully.  The  service 
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engineer  for  a  particular  glue  which 
is  being  used  should  be  taken  into  a 
company’s  confidence.  Allow  him  to 
see  the  equipment,  personnel,  and  op¬ 
eration.  Flis  help  may  be  needed  very 
suddenly  and  if  he  is  familiar  with 
your  set-up,  he  will  be  in  a  far  better 
position  to  help. spot  the  trouble. 

Prior  to  World  War  II,  Baldwin 
used  the  following  glues: 

Vegetable  Glue:  Grand  rims,  all 
mahogany  veneering  (except 
grand  lids) 

Casein  glue:  Keybeds  &  bridge  cap¬ 
ping 

Hide  Glue:  for  all  core  joints,  grand 
lid  veneering,  walnut  and  maple 
veneering'  and  all  assembly  glu¬ 
ing. 

During  World  War  II  Baldwin 
manufactured  plywood  aircraft  parts, 
using  the  following  glues: 

1.  Urea-Formaldehyde,  both  cold 
and  accelerated;  2.. Casein;  3.  Resorcin- 
Formaldehyde. 

When  production  of  pianos  was  re¬ 
sumed,  the  question  was  asked:  "Shall 
we  convert  entirely  to  Resin  Adhe¬ 
sives.^”  Due  to  the  large  number  of 
glue  uses  ranging  from  gluing  heavy 
piano  backs  to  small  piano  action 
parts,  it  was  feared  that  this  would 
be  too  great  a  change  to  be  made  in 
one  sweep.  About  that  time,  Mr. 
Thomas  D.  Perry,  visited  our  plant. 
The  question  was  asked  of  Mr.  Perry 
and  after  a  few  moments  reflection, 
he  said:  "I  have  seen  some  good  serv¬ 
icemen  go  into  a  woodworking  plant 
and  study  a  single  gluing  operation 
with  the  idea  of  changing  to  a  new 
glue.  When  those  men  felt  they  had 
the  problem  well  in  hand,  they 
changed  over  for  24  hours,  only  to 
find  that  some  details  had  been  over¬ 
looked  and  poor  joints  resulted.  I 
think  that  changing  glue  in  an  opera¬ 
tion  ^  as  complex  as  piano  building 
should  be  done  very  gradually.”  The 
change-over  was  made  in  a  series  of 
carefully  considered  steps. 


Ureas  Replace  Vegetable  Glue  fur 
Veneering 

Vegetable  glue  for  veneering  lad 
caused  "Stain”  due  to  the  alkali'  It 
was  decided  to  hot  press  the  bulk  of 
our  veneered  surfaces  to  get  avay 
from  this  stain. 

A  hot  press  was  installed  and  B  id- 
win  changed  from  vegetable  glut  to 
hot  press  urea-formaldehyde  for  ve¬ 
neering.  Some  parts  were  vencc'ed 
with  cold  press  urea-formaldehydt. 

In  general,  the  results  were  ,ry 
satisfactory.  However,  the  quest  on 
arose,  "Shall  we  'stick’  or  bulk  |  ile 
the  panels  from  the  hot  press?”  I’an- 
els  which  were  stuck  seemed  to  tvast 
more  than  those  which  were  i  ulk 
piled.  After  several  months,  it  as 
noticed  that  even  after  48  hours,  he 
bulk  piled  panels  were  still  warm 
when  they  went  to  the  belt  sander. 
Siiice  a  great  number  of  Zinc  C  .luls 
had  been  left  over  from  the  pre-war 
days,  it  was  decided  to  place  Zinc 
Cauls  between  the  hot  pressed  panels 
to  serve  as  radiating  fins,  permitting 
the  hot  panels  to  cool  faster.  After 
adopting  this  practice,  our  sanded  flat 
surfaces,  such  as  lids,  gave  better  and 
more  permanent  finished  surfaces 
showing  fewer  sinks,  swells,  or  other 
core  imperfections. 

This  principle  of  putting  zinc  cauls 
in  a  stack  of  hot  pressed  panels  to 
cool  them  also  works  in  reverse.  One 
day  an  18"  x  54"  x  %"  5  ply  panel 
was  laid  up  with  cold  setting  I'.F. 
glue  placing  a  galvanized  steel  dieet 
just  above  and  below  it.  This  assembly 
was  placed  in  the  center  of  a  stack  of 
room  temperature  panels  1 5  above  and 
15  below  it — the  bale  was  pressed  in 
a  regular  Hydraulic  Press  and  clamped. 
We  placed  it  in  a  130°F.  room,  and 
at  the  end  of  90  minutes,  thermo¬ 
couples  in  the  glue  lines  showeii  the 
panel  to  be  bonded.  It  was  removed 
and  found  very  satisfactorily  ventx  red. 
This  could  be  an  inexpensive  wav  of 
speeding  up  veneering  op^ratioi  '  in 
some  plants  where  a  large  hot  pr;  s  is 
not  available,  or  on  curved  or  ser¬ 
pentine  fronts. 

Urea  Replaced  Vegetable  Glue  tor 
Bonding  Grand  Piano  Rim 

A  grand  piano  rim  is  a  lamic  ited 
structure,  the  outer  rim  consistii;,..  of 
5  to  10  lamina  of  -f\"  thick  w  od. 
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Figure  1. — Spreading  glue  on  Baldwin  grand  piano  rim  slock. 


Figure  2. — Grand  piano  rim  press. 


When  a  rim  was  glued  with  vegetable 
glue  it  contained  16%  moisture  when 
removed  from  the  rim  press.  This  re¬ 
quired  slow,  controlled  drying  usually 
30  to  60  days.  Cold  setting  urea  for¬ 
maldehyde  could  help  on  this  problem. 
A  test  was  started  and  the  rim  glued 
with  U.F.  glue  contained  about  11% 
moisture  w'hen  pressed  and  could  be 
safely  dried  in  20-30  days.  Due  to 
the  lower  moisture  pick  up,  there  was 
less  "spring-back”  due  to  re-drying 
and  in  addition  there  was  no  alkali 
stain. 

Up  to  this  point  the  use  of  resin 
glue  for  making  rims  seemed  like  a 
perfect  solution  to  the  problem.  When 
the  first  mahogany  veneered  rim  was 
finished  however,  a  serious  problem 
was  encountered — glue  bleed  or  strike¬ 
through.  When  the  rims  were  finished, 
honey  colored  freckles  could  be  de¬ 
tected  in  the  finished  rim,  usually  ap¬ 
parent  only  from  one  direction.  Vari¬ 
ous  finishing  methods  were  tried  to 
conceal  the  glue  in  and  around  the 
pore,  but  they  were  not  satisfactory. 
The  glue  manufacturers  were  then 
consulted  and  they  cooperated. 

Various  remedies  were  tried  such 
as  addition  of  walnut  shell  flour, 
longer  assembly  time  and  lower  pres¬ 
sure.  Although  these  expedients  re¬ 
lieved  the  condition,  they  did  not  en¬ 
tirely  eliminate  the  trouble.  It  was  de¬ 
cided  that  on  a  large,  complex  shaped 
laminated  part  such  as  a  grand  piano 
rim  nothing  should  be  done  which 
could  in  any  way  weaken  the  glue 
bond.  Finally,  some  of  the  water  solu¬ 
ble  mahogany  stain  powder  was  added 
to  ‘he  glue  mix.  When  1%  of  this 
powder  (based  on  the  water  used) 
added  to  the  glue  mix,  the  glue- 
bk  .1  became  mahogany  color  and 
bk  ;:(ied  in  with  the  finished  rim  per- 
feedy.  Both  Baldwin  and  the  glue 
m  .  Mifacturer  checked  the  fjuality  and 
dll.  .hility  of  the  joints  and  found  no 
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adverse  effects.  Consequently,  this  so¬ 
lution  to  this  problem  has  been  used 
for  a  number  of  years  with  very  good 
results.  In  other  words,  when  glue 
mixed  with  the  proper  amount  and 
color  of  water  soluble  stain  bleeds 
through  veneer  such  as  mahogany,  the 
color  permits  the  sander  to  see  it  very 
quickly,  and  to  do  all  in  his  power  to 
sand  to  a  clean  surface.  However, 
there  will  be  a  small  amount  remain¬ 
ing  in  the  pore  and  its  adjacent  fibers, 
and  these  small  freckles  will  then 
match  the  final  color  so  well  that  they 
cause  no  "light  freckles”.  This  proce¬ 
dure  works  so  well  that  stain  is  also 
added  to  resin  glue  for  veneering, 
veneer  splicing  on  the  Diehl  Tapeless 
Splicer  for  mahogany  or  walnut  ve¬ 
neer,  when  such  veneer  is  to  be  used 
on  the  darker  colored  cases.  Obvi¬ 
ously,  glue  containing  stain  must  not 
be  used  on  light  oak,  Korina,  or  other 
light  colored  natural  finished  cases. 
On  such  cases,  glue  without  stain  is 
used. 

Hot  Press  Urea  Is  Used  for 
Core  Gluing 

The  next  venture  was  in  the  field 
of  "core  gluing”.  A  steam-heated  core 
gluing  machine  was  installed  and  a 
few  experimental  cores  were  made. 
The  results  were  promising  but  defi¬ 
nitely  not  acceptable.  Last  fall,  Mr. 
Anderson'  read  a  paper  before  the 
Ohio  Valley  Section  on  this  subject 
and  Mr.  Anderson  and  Baldwin  see 
eye  to  eye  on  a  few  musts  for  high 
grade  joints.  For  good  cores  from  a 
core  gluing  machine  of  the  Panel-Flo 
type,  Baldwin  has  found  the  three 
following  steps  to  be  essential. 

A.  The  rip  saws  must  cut  true  and 
straight  edges.  If  there  is  any 
walk  in  the  feeding  chains  of 

’  S.  W.  Anderson,  vice-president,  Anderson 
Wood  Working  Co.,  Louisville,  Ky. 


the  rip  saws,  it  must  be  cor¬ 
rected  by  installing  new  guides 

‘  or  any  other  parts .  which  are 
worn.  The  reason  will  be  obvi¬ 
ous  when  it  is  realized  that  a 
core  glued  in  such  a  machine  is 
15  feet  (or  more)  wide.  If  the 
core  strips  average  3"  wide,  and 
each  one  were  to  be  .y,"  narrow 
at  the  center,  the  15  foot  wide 
core  would  normally  be  1%" 
narrower  at  the  center  than  at 
the  two  ends.  From  this  type 
core  gluing  machine,  this  would 
result  in  excessive  pressure  at 
the  ends  and  too  little  pressure 
at  the  center,  with  resulting  weak 
joints.  Therefore,  the  ripping 
must  be  true  and  straight.  On 
an  ordinary  hand  clamp  carrier, 
the  individual  clamps  could 
compensate  for  this  imperfect 
ripping. 

B.  The  Urea-Formaldehyde  glue 
mixture  used  on  the  Panel-Flo 
machine  has  a  pot  life  of  about 
one  hour  at  room  temperature. 
A  Coca-Cola  bottle  cooler  was 
then  installed.  First,  the  resin  is 
cooled  at  50°F.  Then  it  is  mixed 
and  poured  into  1  gallon  glass 
jars,  and  these  are  placed  in  the 
cooler.  The  operator  removes 
the  jars  as  he  needs  them  at  the 
glue  spreader.  This  procedure 
prolongs  the  working  life  of  the 
glue,  and  simplifies  the  glue 
mixing  problem,  at  the  same 
time  guaranteeing  fresh  glue. 

C.  When  the  panels  come  from  the 

machine,  they  are  rough  in¬ 
spected  and  placed  on  a  "Lift- 
Truck”,  using  sticks  be¬ 

tween  layers.  When  the  load  is 
complete,  it  is  immediately 
transferred  to  a  conditioning 
room  which  is  held  at  40% 
Relative  Humidity  at  70°F.  or 
equivalent  Equilibrium  Moisture 
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Figure  3. — Press  for  gluing  ribs  to  Upright  and  Acrosonic  piano 
sound  boards.  Operation  is  heat  accelerated. 


Figure  4. — Upright  piano  back  press. 


Content  conditions  for  48  hours. 
This  procedure  was  adopted  be¬ 
cause  it  was  found  some  of  the 
core  joints  h^d  a  tendency  to 
open  up  at  the  ends  of  the  panel 
due  to  the  rapid  loss  of  mois¬ 
ture  from  the  surface  and  the 
ends  of  the  warm  cores,  espe¬ 
cially  in  dry  weather.  Storage  in 
a  controlled  room  after  gluing 
permits  a  re-distribution  and 
equalizing  of  moisture  in  the 
panel  prior  to  surfacing  and 
planning.  Hide  glued-clamp  car¬ 
rier  cores  are  conditioned  in 
this  same  room  to  prevent 
sunken  joints. 

Assembly  Gluing  Is  Primarily 
Done  With  Hide  Glue 

The  bulk  of  assembly  gluing  is 
done  with  hide  glue  and  in  a  few 
places,  Casein  glue.  One  of  the  lead¬ 
ing  hide  glue  manufacturers  was  asked 
what  their  sales  of  hide  glue  for  1938- 
1940  showed  compared  with  1950- 
1952.  The  reply  was  that  hide  glue 
sales  to  the  woodworking  industries  is 
down  121/2  percent.  This  shows  that 
hide  glue  and  casein  glues  are  still 
favorably  regarded. 

Gluing  fixtures  for  such  assemblies 
are  relatively  simple  to  build  and  main¬ 
tain,  the  investment  in  such  fixtures  is 
low,  the  "quick-setting”  qualities  of 
Hide  and  Casein  Glues  are  very  help¬ 
ful,  and  The  Baldwin  Company  has  a 
group  of  trained  men  who  are  very 
familiar  with  handling  these  glues. 
The  newer  glues  and  gluing  methods 
have  been  considered  for  some  of  these 
jobs,  but  up  to  the  present  time  none 
of  them  have  been  adopted.  In  con¬ 
sidering  a  change  three  questions  are 
asked : 

1.  Is  the  glue  bond  consistently 
equal  or  superior  to  the  present 
bond? 


2.  Will  this  change  speed  produc¬ 
tion? 

3.  What  effect  will  this  change  have 
on  costs? 

As  new  developments  come  along, 
and  knowledge  of  these  processes  in¬ 
creases,  Baldwin  will  undoubtedly 
make  additional  changes  in  gluing 
procedures  based  on  careful  and  thor¬ 
ough  tests. 

Stain  Sponging 

When  aluminum  cauls  are  used  in 
a  hot  press  for  various  size  and  shape 
panels,  sooner  or  later  they  will  acquire 
"dents  or  dimples”. 

The  hot  press  is  operated  with  3 
complete  sets  of  heavy  aluminum 
cauls,  one  set  in  use,  a  second  cooling, 
and  the  third  being  laid  up.  This 
means  that  many  shapes  and  sizes  of 
panels  are  pressed  on  each  caul  and 
that  these  cauls  are  handled  very  many 
times  each  day,  and  even  though  han¬ 
dled  carefully,  some  damage  will  even¬ 
tually  result.  Such  -cauls  are  straight¬ 
ened  from  time  to  time.  However,  if 
such  a  caul  should  put  a  depression 
into  a  veneered  surface,  it  can  be  just 
as  troublesome  as  though  it  were  a 
sink  in  the  core.  Some  mahogany 
water  stain  was  added  to  the  sponging 
water.  The  first  panel  with  a  stain 
sponged  surface  given  to  a  belt  sander, 
was  placed  on  his  machine,  given  the 
usual  sanding,  and  he  was  just  re¬ 
moving  the  panel,  when  he  noticed  an 
oval  shaped,  dark  spot  remaining  on 
the  surface.  Without  prompting,  he 
replaced  the  panel  on  his  machine, 
made  a  few  more  passes  and  then  re¬ 
moved  a  "clean,  sink-free  panel”. 
Light  stain  in  the  sponging  water  has 
since  then  been  used  in  the  sanding 
room  to  prevent  or  trace  trouble. 

Trouble  Shooting 

Trouble  is  brought  to  the  attention 
■  of  a  member  of  the  "gluing  group” 


and  if  he  is  not  able  to  determine  the 
cause  of  the  trouble,  he  calls  the  grot  p 
together.  This  general  plan  of  atta  k 
has  worked  very  well : 

A.  Get  the  Complete  Case  Histo  y 
of  the  trouble  as  follows : 

1.  In  which  department  was  it 
found  ? 

2.  What  percent  of  parts  are  de¬ 
fective? 

3.  What  percent  of  parts  are  defec¬ 
tive  in  each  of  the  preceding 
departments  ? 

4.  Is  this  trouble  apparent  imme¬ 
diately  after  gluing  and  condi¬ 
tioning? 

5.  Are  the  wood  preparation,  glue 
mixing  and  application,  assem¬ 
bly  time,  pressure,  clamping 
time  correct? 

6.  Was  such  trouble  ever  encoun¬ 
tered  before  and  if  so,  wliat 
caused  the  trouble  then. 

While  the  above  information  is  lie- 
ing  assembled,  the  part  giving  trouble 
is  examined  as  carefully  as  possible. 
If  careful  scrutiny  of  the  Complete 
Case  History  and  the  examination  of 
the  part  do  not  supply  an  answer 
which  "rings  true”,  our  data  is  checked 
against  the  "Key  to  Cause  of  Glmng 
Defects”  on  pages  60  and  61  of  rhe 
United  States  Department  of  Agricul¬ 
ture  Bulletin  No.  1500,  as  weli  as 
technical  data  sheets  of  the  glue  m.-:iu- 
facturer. 

In  the  case  of  core  or  lumber  jo.nts 
made  with  various  glues  the  glv  ng 
group  has  learned  to  watch  for  x- 
cessively  quick  pressure  applicaticii”. 
Some  joints  have  been  improved  by 
providing  a  slight  delay  before  cla.  ip- 
ing.  Of  course,  this  must  be  done  w.th 
judgment  or  "chilled,  or  jellied  i.!ue 
lines”  will  result  with  hide  or  caw  in 
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glue  and  heavy  glue  lines  of  low 
strength  in  the  case  of  resin  glues. 

For  veneered  panels,  in  the  case  of 
tv  isting,  measure  the  amount  of  twist 
b''  laying  the  panel  on  a  flat  surface. 
Inen  plane-off  the  face  veneer  on  both 
SI  ies  and  re-measure.  Check  the  ap- 
p  arance  and  grain  direction  of  the 
cross-band  on  both  sides  (touch  a 
f vuntain  pen  to  the  surface  and  check 
ti'C  direction  of  ink  bleed).  Next, 
pLice  a  straight  edge  in  line  with  the 
ink-bleed  of  the  face  and  back  cross- 
bmding.  If  these  two  straight  edges 
aie  not  parallel,  this  may  be  the  cause 
01  the  trouble,  and  the  more  they 
cross,  the  greater  the  likelihood  that 
this  is  the  cause  of  the  twisting.  Next, 
carefully  plane  the  cross-band  from 
the  face  and  back  of  the  panel,  place 
the  stripped  core  on  the  same  flat  sur¬ 
face  and  re-measure.  The  twist  caused 
by  the  crossbanding  has  now  been  re¬ 
moved  and  the  core  may  be  flat.  If 
the  stripped  core  is  not  flat,  the  trouble 
was  not  due  to  veneering  and  must  be 
corrected  by  greater  care  in  drying, 
selection,  machining,  gluing,  condi¬ 
tioning,  or  handling  of  the  core  lum¬ 
ber.  It  has  been  observed  that  the 
greater  part  of  "twisted  veneered  pan- 
.els”  is  the  result  of  crossband  on  the 
face  and  back,  whose  grain  directions 
are  not  parallel. 

These  examples  will  give  you  an 
idea  of  how  the  "gluing  group”  at¬ 
tempts  to  find  the  cause  of  the  trouble 
and  outline  the  correction.  Frequently, 
an  "on  the  scene”  inspection  of  the 
gluing  opetation  is  necessary  and  fre- 
uently  a  planned  test  is  performed  to 
etermine  the  optimum  conditions. 

Miscellaneous  Observations 

A.  The  Baldwin  Company  has 
found  that  long  grained,  single  Ma¬ 
hogany  veneered  edges  of  5  ply  pan¬ 
els,  to  lyi"  thick  are  more  apt 
to  split  than  are  walnut  veneered 
edges,  when  subjected  to  Gulf  Coast 
humidity  conditions.  The  reason  is 
apparently  due  to  the  fact  that  walnut 
expands  almost  twice  as  much  as  the 
average  for  mahogany  and  thus  does 
not  split  so  readily  due  to  expansion 
of  the  poplar  core.  Other  veneers 
comparable  to  walnut  are  Maple, 
Birch,  and  Bubinga. 

B.  Light  finished  wood  such  as 
limed  Oak  at  times  will  develop  un¬ 
usual  slightly  yellow  streaks  or  irregu¬ 
lar  >pots.  This  does  not  refer  to  the 
uniform  yellowing  of  the  finish  due  to 
exposure  to  sunlight  as  this  is  due  to 


the  lacquer  not  being  formulated  to  re¬ 
sist  yellowing.  A  joint  effort  by  Shower 
Brothers,  Bloomington,  Indiana;  Lin- 
deman  Wood  Finish  Co.,  Indianapolis, 
Indiana;  The  Baldwin  Company,  Cin¬ 
cinnati,  Ohio  developed  the  following 
facts: 

1.  Lacquer  films  which  are  just  dry 
enough  to  rub,  still  retain  some 
of  the  lacquer  thinner. 

2.  When  such  lacquers  are  rubbed, 
this  "fresh  lacquer”  will  tend  to 
absorb  some  of  the  rubbing  oil, 
or  compounds  from  rubber. 

3.  The  safest  procedure  is  to  re¬ 
move  the  rubbing  slush  as  soon 
as  the  panel  has  been  rubbed,  as 
allowing  the  slush  to  remain  on 
the  rubbed  panel,  even  for  a  few 
hours,  permits  the  oil  to  be  ab¬ 
sorbed  by  the  lacquer.  Rubber 
covered  cords  should  not  be 
allowed  to  lie  on  the  lacquered 
surfaces. 

4.  Evidence  of  such  damage  can  be 
detected  by  examining  the  panel 
in  a  dark  room,  using  a  General 
Electric  "Purple  X”  250  watt 
globe.  The  absorbed  oil  will 
"glow”. 

5.  If  such  a  panel  is  subsequently 
exposed  to  sunlight,  it  will  de¬ 
velop  yellowish  streaks  or 
blotches  corresponding  to  the 
original  absorbed  oil  blotches 
seen  under  the  Purple  X  light. 

6.  Non-yellowing  lacquers.  Soya 
Oil  or  Wax  rubbing  lubricants, 
tend  to  reduce  this  hazard,  but 
the  steps  outlined  in  Step  3 
have  been  adopted  by  both 
Shower  Brothers  and  The  Bald¬ 
win  Company  as  a  result  of  these 
findings. 

C.  During  World  War  II  Baldwin 
used  cold  setting  Urea  Formaldehyde 
Glue  (at  that  time  the  glue  used  was 
Plaskon  250-2).  There  were  times 
when  the  8  hour  pressure  period 
proved  quite  trying.  Such  a  glue  could 
be  accelerated  by  heat,  but  how  could 
the  cure  be  determinedP.lt  was  found 
that  the  cure  could  be  checked  on  a 
warm  metal  sheet  in  several  ways,  and 
the  curing  time  determined  by  several 
technicians  agreed  very  well.  When 
these  values  were  plotted  on  a  semi- 
longitudinal  chart,  plotting  the  curing 
time  on  the  log  scale  and  the  glue 
line  temperature  on  the  regular  scale, 
the  curing  time  for  this  glue  was 
almost  a  straight  line.  Dr.  E.  S.  Har- 
rar  of  Duke  University  checked  this 


technique  and  it  was  surprising  to  see 
how  closely  his  values  checked  Bald¬ 
win’s  values.  A  few  values  for  this 
glue  line  temp.  vs.  cure  time  are  as 
fdllows; 


96°F  — 
minute 

100  minutes  = 

1%  cure/ 

109°F  — 
minute 

50  minutes  = 

2%  cure/ 

124°F  — 
minute 

25  minutes  = 

4%  cure/ 

128°F  — 
minute 

20  minutes  = 

5%  cure/ 

145°F  — 
minute 

10  minutes  = 

10%  cure/ 

From  the  curve  a  chart  was  compiled 
showing  what  percent  of  total  cure 
was  achieved  in  1  minute  at  any  tem¬ 
perature  from  70°F.  to  170°F. 

In  using  this  system  of  determining 
when  a  glue  line  is  cured,  place  a 
thermo  couple  in  the  glue  line  at  the 
place  which  is  known  to  be  the  "slow¬ 
est”  area  to  warm  up.  The  panels  un¬ 
der  pressure  are  then  placed  in  a 
warm  room  such  as  a  130°F.  room. 
The  operator  has  his  thermo  couple 
leads  in  an  adjoining  room  and  takes 
temperature  readings  of  the  glue  line 
each  minute.  Usually  a  second  man 
reads  the  chart  and  records  and  car¬ 
ries  a  cumulative  total  of  the  percent 
of  cure.  When  this  value  reaches 
100%  the  cure  is  complete.  In  gen- 
•  eral  such  a  test  is  run  to  the  120%  or 
150%  value,  and  thereafter  the  room 
is  maintained  at  standard  tempera¬ 
ture  and  the  work  is  removed  on  the 
basis  of  time.  Obviously  this  time  will 
be  valid  only  for  that  particular  size 
panel  and  the  particular  type  of  metal 
cauls  used.  Aluminum  cauls  are  ex¬ 
cellent  although  zinc  and  galvannealed 
sheet  steel  cauls  have  been  used.  Also, 
the  amount  these  cauls  extend  beyond 
the  panel  is  an  important  factor  as 
these  cauls  serve  as  "fins”  to  conduct 
heat,  into  the  center  of  the  panel. 


If  anyone  is  interested  in  con¬ 
sidering  this  procedure,  Mr. 
Trinkle  has  offered  to  furnish 
prints  of  the  "Glue  Curing 
Curve”  and  the  table  of  "Points 
of  Cure  Per  Minute”,  and  to  be 
of  any  further  assistance  pos¬ 
sible  in  aiding  them  to  under¬ 
stand  this  method  of  evaluating 
glue-cure  in  a  joint  whose  tem¬ 
perature  is  changing  from  min¬ 
ute  to  minute. 
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Lumber  Storage 


Reducing  Checking  In  Heavy  White  Oak  Shipbuilding 
Material  During  Storage  and  Construction 

EDWARD  C.  PECK 

Technologist,  Forest  Products  Laboratory,^  Forest  Service,  U.  S.  Department  of  Agriculture,  Madison  5,  Wis. 


Describes  various  methods  of  treatment  and  piling  of  white 
oak  in  storage,  with  relative  effectiveness  in  reducing  checking. 


During  World  War  II,  many 
large  wooden  vessels  were  built, 
and  certain  parts  of  these  vessels  were 
fabricated  from  heavy  oak  flitches  or 
timbers.  This  material  often  checked 
severely  during  storage  before  use  or 
after  it  was  worked,  shaped,  and 
placed  in  .the  vessel.  Checking  and 
splitting  in  oak  ship-building  material 
were  effectively  reduced,  however,  by 
certain  treatments  and  protective  stor¬ 
age  methods  in  tests  conducted  by  the 
Forest  Products  Laboratory  in  co¬ 
operation  with  the  Navy  Bureau  of 
Ships. 

Surface  and  end  checks  are  caused 
by  tensile  stresses  in  the  wood.  These 
stresses  arise  when  end  grain  or  other 
faces  of  a  piece  of  wood  lose  mois¬ 
ture  and  attempt  to  shrink  but  the 
interior  portions  remain  wet  and  do 
not  shrink.  Any  measure  that  main¬ 
tains  the  surface  at  a  relatively  high 
moisture  content  during  drying,  and 
as  a  result  reduces  the  difference  in 
moisture  content  between  the  wet  in¬ 
terior  and  the  drier  surface,  reduces 
tensile  stresses  in  the  surface  zones 
and  consequently  the  tendency  to 
check.  Under  the  controlled  drying 
conditions  within  a  dry  kiln,  for  ex¬ 
ample,  the  surface  moisture  content  is 
held  at  a  relatively  high  vJilue  by  main¬ 
taining  a  comparatively  high  relative 
humidity  within  the  kiln.  Other  meas¬ 
ures  used  are  to  treat  the  green  wood 
with  a  hygroscopic  chemical  that  is 
absorbed  in  the  surface  layers  or  to 
apply  a  moisture-resistant  coating  to 
the  surfaces  of  the  wood  to  retard  loss 
of  moisture. 

Since  most  shipbuilding  material  is 
received  green  or  nearly  green,  it  is 
advantageous  to  accomplish  some  dry¬ 
ing  before  the  material  is  used  in  the 
construction  of  the  vessel.  During 
storage  timbers  can  be  protected  from 
end  and  surface  checking  and  splitting 
to  some  extent  by  the  use  of  end  coat¬ 
ings  and  by  piling  within  an  open 
shed  or  under  a  protecting  roof.  Pil- 

'  Maintained  at  Madison.  Wis..  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


ing  on  stickers  or  strips  permits  some 
drying  during  the  storage  period.  Ship 
oak  in  storage  is  commonly  end  coated 
and  in  some  cases  salted.  When  the 
material  is  fabricated  and  placed  in 
the  vessel,  it  is  often  exposed  to  al¬ 
ternate  sunshine  and  wetting.  Parts 
installed  in  the  vessel  are  sometimes 
painted  with  ordinary  paint  or  some¬ 
times  brush  coated  with  a  moisture- 

Table  1*>~-Treatnienta  a 


repellent  preservative  to  prevent  seri 
ous  checking  and  splitting. 

In  the  Laboratory  tests,  five  surfac. 
treatments  and  two  storage  method 
were  investigated  to  determine  thei: 
effectiveness  in  preventing  or  redui 
ing  checking  and  splitting  of  whit 
oak.  The  test  specimens  were  greer 
3-  by  12- inch  pieces  of  Appalachian 
white  oak.  The  surface  treatments  use.; 
were  urea  aldehyde  paste,  wood  sealei 
a  water-repellent  preservative,  pain 
and  salt.  Details  of  the  treatments  ar 
given  in  table  1. 


3-  by  8- 

by  U2-inch  specimens  of 

green  Appalachian  white  oak  to 

reduce  checking 

Treatment 

Constituents 

or 

specification 

No. 

Method 

of 

application 

Amount  : 

Urea  aldehyde 
paster 


(2) 


Brushing 


Pounds 

per 

M.b.m. 


130 


Cost 

of 

materials 


Wood  sealer  :  Army-Navy 

:  Aeronautical 

:  Specification 

U  ’ 

:  AN-S-17 

Brushing^  : 

71  *: 

Dollars 

per 

M.b.m. 


8.00 


16.00 


Water- 

repellent 

preservative 


Navy  Specifi¬ 
cation  52-W-5 
(INT)  Type  A 
copper 


:  napthenate  : 

Brushing"  : 

71  : 

10.00 

Paint 

:  Navy  Specifi-  : 

:  cation  52-P-U6: 

U  * 

:  (iirr)  : 

Brushing-  : 

1U3  i 

lk.50 

Salt 

:  Sodium  : 

Dry-spread-  : 

j 

:  chloride  : 

ingi  : 

100  : 

.50 

-The  specimens  that  were  coated  with  the  urea  aldehyde  paste  and 
2  exposed  to  the  weather  lost  the  paste  coating  during  a  rain. 


-Parts  by  weight:  Water,  h2;  borax,  U;  urea,  25;  dimethylolurea, 
3  (■  100  parts).  Starch,  3  parts  by  weight. 

Weight  of  dry  chemicals. 

-2  coats,  second  applied  after  the  first  had  dried. 

^olid  piled  with  alternate  layers  of  salt  for  8  days. 
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Figure  1. — Tr»atecl  and  coaled  samples  of  3-inch  Appalachian  white 
oak  stored  in  a  slickered  and  roofed  pile. 


Figure  2. — Treated  and  coaled  samples  of  3-inch  Appalachian  while 
oak  exposed  to  alternate  sunshine  and  wetting. 


After  the  oak  specimens  were 
given  the  various  treatments,  one-half 
of  them  were  made  into  a  stickered 
storage  pile  protected  by  a  roof.  The 
other  half  were  placed  in  a  rack  and 
exposed  to  the  weather.  Figures  1  and 
2  show  the  manner  of  storing  or  ex¬ 
posing  the  specimens.  Tables  2  and  3 
give  the  extent  of  checking  in  the  oak 
specimens. 

Since  the  specimens  coated  with 
paint  were  at  a  higher  moisture  con¬ 
tent  than  the  rest  at  the  termination 
of  the  regular  experiment,  the  speci¬ 
mens  from  the  stickered  pile  were 
subjected  to  further  drying.  They 
were  cut  in  two,  end-coated,  and  one- 
half  of  each  piece  was  air-dried  for  an 
additional  period.  After  a  total  dry¬ 
ing  period  of  309  days,  the  painted 
spc-cimens  reached  a  moisture  content 
of  47.4  percent.  Table  3  gives  the 
comparative  extent  of  checking  for  all 
the  specimens  at  about  the  same  mois¬ 
ture  content. 


Tabic  2«— Moisture  content  and  extent  of  checking  of  3-  by  8-  by  IZ-lneh  cpcclMcna 
of  Appalachian  white  oak  treated  with  various  coatings  aiid  eheeilcals 


I  I  i  t 

Treatnent  i  Moisture  content  i  leerage  .  t  Depth  of  ^  '  Average  ^ 

s  of  speclments  <  total  lengtl>=  of  t  deepest  checks-  i  total  length^  of 

i. - J.-I  surface  checks  i  i  end  checks 

I  Initial  I  Final-  t  per  specimen  i  i  per  specimen 

- — - — —I— - 1- - - 1  - — — — I  - - - — t- - — j - - 

t  Percent  t Percent  i  Inches  i  Inch  i  Inches 


SPECIMENS  STORQ)  IN  STICKESQ)  AND  RCXIFED  PILE 
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SPECIMENS  EXPOSED  TO  WEATHER 
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Urea  aldehyde  t 

71.5 

39.3  1 

t 
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(31*2) 
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.8 

t  ^5 
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75.7 
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39.7  : 
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.9 

t  |71 
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t 
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t 

76 
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t 

.9 

t  260 
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preservative  i 
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t 

39.7  I 

86 
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t 

.8 
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Paint  1 

71.3 

s 

52.2  t 

31 
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t 

.6 

1  15 
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During  the  approximate  5V2  months 
of  the  regular  experiment,  the  bulk 
of  the  material  lost  on  the  average 
about  33  percent '  moisture  content. 
The  material  that  was  coated  all  over 
with  2  coats  of  hull  paint,  however, 
lost  only  about  16  percent  moisture 
content.  All  treatments  accomplished 
a  considerable  reduction  in  surface 
and  end  checking.  In  the  specimens 
that  were  coated  with  paint  surface 
and  end  checking  were  least.  The  urea 
aldehyde  paste  reduced  surface  and 
end  checking  appreciably,  except  on 
thi  exposed  specimens,  where  the 
coating  was  washed  off  by  rain.  The 
wcF'd  sealer  and  water-repellent  pre- 
ser’  itive  afforded  moderate  protec¬ 
tion.  Sodium  chloride  reduced  surface 
ch( '  king  in  the  specimens  stored  in 
th(  stickered  pile. 

i  he  untreated  material  in  the  stor¬ 
age  pile,  which  was  protected  from 
thi  weather,  checked  considerably  less 
th.'ii  similar  material  that  was  ex¬ 
po-  d. 


Tabl*  2.— Molsturk  contant  and  •xttnt  of  chacklng  of  3-  by  8-  by  li2-lnch  »p«clm>n» 
of  Appalkchlkn  whltk  o>k  treatud  with  various  coatings  and  chwiictlk—contlnuod 


-Surface  checks  were  measured  in  centrally  located  18-Inch  zones  —  on  both  sider  of 
piled  specimens;  on  the  upper  side  only  of  exposed  specimens.  The  value  given  in 
parentheses  for  the  exposed  specimens  is  the  observed  value  multiplied  by  2  to  permit 
^  direct  comparison  with  the  piled  specimens. 

~Average  of  the  deepest  checks  on  the  checked  specimens  only. 

^End  checks  wore  measured  on  both  ends  of  the  piled  specimens,  on  the  upper  end  only  of 
^  the  exposed  specimens. 

~Piled  specimens  after  171  days;  exposed  specloMns  after  173  days. 

^he  end  checks  were  closed  and  invisible  when  the  final  observation  was  made,  but  the 
values  given  indicate  the  maximum  length  of  end  checks  measured  on  the  25th  day  of 
exposure. 


Table  3 — EXTENT  OF  CHECKING,  AT  ABOUT  SAME  MOISTURE  CONTENT,  OF  3-  BY  8-INCH 
BY  42-  AND  16-INCH  SPECIMENS  OF  APPALACHIAN  WHITE  OAK,  TREATED 
WITH  VARIOUS  COATINGS  AND  CHEMICALS  AND  STORED  IN 
STICKERED  AND  ROOFED  PILES 

Average  total  length 
Moisture  content'  of  surface  checks- 

Treatment  of  specimen  per  specimen 

Percent  Inches 


Urea  aldehyde  paste... 

Wood  sealer . . 

Water-repellent  preservative 

Paint . . . . 

Sodium  chloride . . 


51.2 

111 

49.7 

15 

49.5 

68 

53.4 

21 

47.4 

2 

.51.0 

31 

•After  air-drying  or  after  storage  for  62  days,  except  for  specimens  treated  with  paint,  which  were  air- 
dried  or  stored  about  309  days. 

"Measured  on  18-inch  zones,  both  faces,  except  in  specimens  treated  with  paint,  in  which  checks  were 
measured  on  16-inch  zones,  both  faces. 
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This  research  on  the  gluability  of  hardboard  was  undertaken 
to  provide  basic  information  for  the  expanding  use  possibilities  of 
hardboard.  This  rapidly  growing  industry  with  its  diverse  products 
is  based  largely  on  residue  wood  and  from  a  conservation  stand¬ 
point  merits  all  encouragement  for  maximum  development.  The  key 
to  this  development  is  an  expanded  market  base.  The  gluing  of 
hardboard  offers  further  opportunities  for  flexible  fabrication  opera¬ 
tions  and  may  open  the  way  to  wider  outlets  for  the  product.  This 
report  presents  the  results  of  preliminary  efforts  to  develop  a  test 
method  for  gluability  which  would  have  a  two-fold  purpose,  enabling 
the  manufacturer  to  produce  gluable  boards  and  the  consumer  to 
establish  optimum  gluing  procedures. 


Summary' 

METHOD  OF  DETERMINING  the 
gluability  of  hardboards  is  con¬ 
sidered  essential  as  this  material  be¬ 
comes  more  widely  used  in  the  inanu- 
facture  of  secondary  products.  A  tenta¬ 
tive  method,  involving  a  gluability 
index,  was  developed  for  testing  this 
characteristic  and  was  applied  to  the 
standard  and  treated  products  of  three 
manufacturers.  Two  adhesives,  a  casein 
and  a  urea  formaldehyde,  were  used 
to  bond  the  two  surfaces  of  the  board 
in  several  orientations.  Ei.ce-to-face, 
back-to-back  and  face-to-face  after 
sanding. 

In  order  to  determine  the  feasibility 
of  the  test  method,  the  gluing  condi¬ 
tions  had  to  be  standardized  and  the 
particular  conditions  chosen  for  this 
study,  therefore,  may  not  have  been 
optimum  for  all  boards.  However,  the 
two  glues  as  applied  appeared  to  have 
differing  reactions  on  the  treated  and 
untreated  boards  and  these  reactions 
varied  with  the  different  manufactur¬ 
er's  products.  Interactions  of  glue  type 
and  manufacturer  with  surface  orienta¬ 
tion  also  appeared  evident.  The  data 
as  collected  appeared  to  require  a 
transformation  before  analysis  of  vari¬ 
ance  procedures  could  be  applied,  but 
the  most  appropriate  form  for  this 
data  was  not  determined. 

*  This  report  was  prepared  for  presentation  at 

a  meeting  of  the  Hardboard  Division,  Pacific 
Northwest  Section  of  Forest  Products  Research 
Society  at  the  University  of  British  Columbia, 
Vancouver,  B.  C.,  October  27,  19^2.  ' 

*  Summer  employment  while  on  leave  from 
Faculty  of  Forestry,  University  of  British  Colum¬ 
bia,  Vancouver,  B.  C. 


It  was  found  that  the  ideal  situation 
of  independence  of  the  gluability  in¬ 
dex  from  the  physical  properties  of 
the  board  was  not  completely  at¬ 
tained.  Treated  boards  appeared  to 
affect  the  index  in  proportion  to  their 
inherent  strengths. 

Introduction 

The  gluability  of  hardboard  is  a 
property  which  is  related  to  subsequent 
uses  of  the  board  in  the  manufacture 
of  assembled  products.  In  designing 
or  developing  certain  types  of  prod¬ 
ucts  involving  hardboard  as  a  com¬ 
ponent,  first  consideration  is  usually 
given  to  the  strength  of  the  board.  If 
glue  joints  are  to  be  depended  upon 
to  contribute  part  or  all  of  this  strength 
to  the  assembly  as  a  whole,  then  glu¬ 
ability  should  receive  secondary  con¬ 
sideration.  From  the  standpoint  of  de¬ 
sign,  maximum  efficiency  would  be 
ob^tained  when  the  glue  joints  are 
capable  of  delivering  up  to  the  full 
strength  of  the  board.  From  the  stand¬ 
point  of  production,  boards  with  high 
gluability  ratings  are  likely  to  be  easier 
to  handle  under  typical  shop  condi¬ 
tions  than  boards  of  low  ratings  and 
would  be  more  likely  to  yield  consist¬ 
ently  good  joints  in  a  given  assembly 
process. 

In  view  of  the  many  variations  in 
the  manufacture  of  hardboard,  such 
as:  types  and  amounts  of  resins  and 
waxes,  curing  temperatures,  parting 
compounds,  and  tempering  treatments, 
it  is  probable  that  much  variation  ex¬ 
ists  in  the  ability  of  the  surfaces  to 


respond  to  gluing  procedures.  At  th 
present  time  there  is  no  standar.! 
method  available  for  the  determin. 
tion  of  this  property.  It  is  believci!, 
however,  that  such  a  standard  woul  1 
be  very  helpful  to  both  manufacturer-; 
and  consumers  in  order  that  they  mj  ,- 
better  determine  which  of  the  mai-, 
board  types  now  available  are  mo-t 
suitable  for  gluing  operations.  .A 
standard  method  would  also  assist  i:i 
experimentation  on  this  property  wheu 
developing  the  optimum  gluing  pro¬ 
cedure  for  a  particular  board  type. 

The  present  report  describes  the  re¬ 
sults  of  preliminary  efforts  to  develop 
a  satisfactory  method  of  evaluating 
this  property  of  hardboard.  The 
method  herein  reported  is,  in  itseli, 
not  considered  entirely  satisfactory, 
but  it  is  being  reported  in, the  hope 
that  both  the  theoretical  aspects  and 
the  procedures  used  will  receive  the 
benefits  of  open  discussion  by  those 
interested  in  hardboard  testing.  New 
approaches  to  this  problem  are  already 
being  considered  and  suggestions  from 
any  source  will  be  most  welcome. 

Experimental  Theory 

The  gluability  of  hardboard  refers 
to  the  affinity  or  receptivity  of  the  sur¬ 
face  in  regard  to  adhesive  materials. 
In  a  strict  sense,  it  is  a  property  of 
the  surface  only  and  is  theoretically 
not  dependent  upon  any  properly, 
physical  or  chemical,  of  the  material 
underlying  the  surface.  (Figure  1 ). 
However,  from  a  practical  measure¬ 
ment  standpoint,  adhesive  strengths 
developed  by  the  surface  are  diffitult 
to  determine  if  they  are  greater  thm 
the  cohesive  strength  of  the  mater;  il 
directly  adjacent  to  the  surface,  '“o 
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thi.'  extent,  therefore,  adhesive  quali¬ 
ties  of  the  surface  are  dependent  upon 
a  physical  property  and  since  this 
physical  property  varies  greatly  with 
diflirent  boards,  it  can  severely  re- 
stri' t  interpretation  of  absolute  values 
of  Jhesive  strength. 

l  or  the  reason  stated  above,  glu- 
abii'.ty  is  best  expressed  as  a  relative 
measure  rather  than  as  an  absolute 
stn  iigth.  Since  in  practice  no  glue 
joint  involving  hardboard  need  ever 
be  .itronger  than  the  board  itself,  the 
strength  of  the  board  may  be  set  up 
as  the  maximum  theoretical  strength 
desired  in  the  joint.  Accordingly,  the 
actual  joint  strength  obtained  in  test¬ 
ing  may  be  expressed  as  a  percentage 
of  the  board  strength  and  thus  gen¬ 
erate  an  index  of  gluability.  Boards 
which  develop  joint  strengths  of 
lOO^f  of  the  strength  of  the  board 
can  therefore  be  considered  as  having 
maximum  gluability.  Lower  percent¬ 
ages  are  indicative  of  lower  gluability 
properties  of  the  surface. 

The  next  consideration  involves  the 
particular  strength  property  of  the 
board  which  should  be  used  as  a  basis 
for  calculating  the  index.  Ideally,  this 
should  be  the  same  strength  property 
responsible  for  transmitting  stress  to 
the  adhesive  layer  in  the  gluability 
specimen.  Of  the  several  possible 
types  of  specimens  which  could  be 
made  to  incorporate  this  requirement 
to  a  degree,  specimens  utilizing  ten¬ 
sion  perpendicular  to  the  surface,  or 
cohesive  strength,  seemed  to  offer  the 
most  promise.  If  was  thought  that,  as 
applied  to  a  glued  surface,  such  a 
stress  would  tend  to  measure  more  of 
the  chemical  component  of  the  adhe¬ 
sive  bond  and  would  tend  to  de- 
emphasize  the  physical  component. 
This  is  the  old  controversy  between 
specific  and  mechanical  adhesion,  but 
it  seemed  advisable  with  hardboard  to 
favor  the  specific  or  chemical  compo¬ 
nent  since  this  component  is  believed 
to  be  more  directly  responsible  for  the 
durability  of  glued  joints. 

A  final  consideration  involves  the 
specimen  itself.  Although  in  most  ap¬ 
plications,  hardboard  is  probably  glued 
to  some  other  material,  such  as  solid 
wood  or  plywood,  it  appeared  inadvis¬ 
able  to  complicate  the  gluing  and  test¬ 
ing  procedure  with  the  variability  in¬ 
herent  in  such  dissimilar  materials. 
Accordingly,  it  was  decided  to  join  to¬ 
gether  identical  faces  of  the  board 
unde;  test.  In  this  way,  the  measure¬ 
ment's  of  gluability  characterized  only 
the  Hirfaces  concerned  and  were  in¬ 
dicative  of  the  actual  grasp  which  ex- 
isteci  between  the  glue  and  the  board 
surt.i  e.  The  presence  of  two  board 
surf,  cs  merely  meant  that  the  weaker 
of  tfi  ■  two  would  register  its  strength 
in  )(  ;  nt  failure. 

JOI  RNAL  of  FPRS 


Figure  2. — W.S.C.  test  grips  and  specimens. 


Figure  3. — A.S.T.M.  test  grips  and  specimen. 


procedure*  was  used  in  conjunction 
with  the  glue  joint  strength  to  calcu¬ 
late  a  gluability  index.  (Figure  3). 

Procedure 

Sample  boards  for  this  experiment 
were-  obtained  from  three  different 
manufacturers  and  included  both 
treated  and  untreated  boards  of 

and  Y\"  thickness.  Each  board 
type  was  represented  by  two  samples 
with  the  stated  requirement  that  each 
sample  was  to  be  selected  from  dif¬ 
ferent  day’s  production.  The  sample 
boards  were  24"  x  24"  in  size.  A 
total  of  36  boards  made  up  the  sample 
population  for  this  experimental  de- 
sign. 

All  boards  were  conditioned  to  equi¬ 
librium  in  a  controlled  room  main¬ 
tained  at  70°  F.  and  50%  R.  H.  The 
average  equilibrium  moisture  content 
for  the  boards  under  these  conditions 
was  found  to  be  between  3.8%  and 
5.5%. 

*  American  Society  for  Testing  Materials 
Standards.  Part  4.  19^2.  Tentarive  Methods  for 
Evaluatii^  the  Properties  of  Fiber  Building 
Boards.  D10J7-52T. 


Test  Specimens 

The  specimen  for  the  gluability  test 
was  of  a  cross-lap  construction  with 
one  square  inch  of  stress  area.  A 
in.  projection  beyond  the  contact  area 
by  both  component  parts  permitted  a 
special  grip  to  engage  the  specimen 
and  exert  a  tensile  force  normal  to  the 
glue  plane.  (Figure  2). 

Because  of  the  non-uniform  distri¬ 
bution  of  stress  in  the  gluability  speci¬ 
men  resulting  from  the  abrupt  changes 
in  cross-section,  it  appeared  advisable 
to  determine  the  corresponding  co¬ 
hesive  bond  strength  of  the  board 
under  nearly’  similar  conditions.  Sev¬ 
eral  three-ply  laminated  sp>ecimens 
were  devised  each  having  one  square 
inch  of  stress  area  and  were  designed 
to  receive  the  same  grips  used  with 
the  gluability  specimens.  However, 
these  specimens  proved  to  be  unsuc¬ 
cessful  for  several  reasons  and  the 
data  obtained  with  their  use  was  con¬ 
sidered  unreliable.  Accordingly,  ten¬ 
sion  perpendicular  to  the  surface,  as 
determined  by  the  tentative  ASTM 


The  following  tests  and  calcula¬ 
tions  were  made  on  all  boards: 

1.  Gluing  strength  and  gluability 
index 

2.  Tension  perpendicular  to  surface 

3.  Tension  parallel  to  surface 

4.  Modulus  of  rupture 
Specific  gravity 

The  last  three  tests  listed  above 
were  made  in  order  to  determine 
whether  or  not  the  gluability  index 
was  independent  of  the  physical  prop- 
.  erties  of  the  board. 

A  template  was  used  to  lay  out  the 
cutting  pattern  for  the  specimens  from 
each  sample.  Some  randomization  was 
introduced  in  the  process  by  randomly 
selecting  in  each  case  one  of  the  four 
possible  orientations  of  the  template 
on  the  board. 

Description  of  Test  Methods 

1.  Gluing  strength  and  gluability 
index:  A  cold-setting,  urea  formalde¬ 
hyde  resin  and  a  casein  were  chosen 
for  this  test.  These  were  considered 
to  be  typical  assembly  adhesives  and 
they  also  provided  a  comparison  be¬ 
tween  an  acidic  and  a  basic  reaction 
at  the  interfaces.  It  was  anticipated 
that  differences  might  thereby  be  re¬ 
vealed  between  treated  and  untreated 
boards. 

Arbitrary  standards  were  adopted  in 
regard  to  gluing  conditions.  The  prin¬ 
cipal  thought  in  the  selection  of  glu¬ 
ing  conditions  was  that  they  should 
be  somewhat  less  than  optimum  and 
represent,  in  a  sense,  minimum  re¬ 
quirements  for  bonding.  Thus,  boards 
under  test  may  be  considered  as  reg¬ 
istering  their  response  to  "easy”  glu¬ 
ing  conditions,  an  important  factor  in 
shop  assembly  operations.  It  is  obvi¬ 
ous  that  if  gluing  conditions  were 
varied  so  as  to  produce  perfect  re¬ 
sults  with  all  boards,  no  comparisons 
would  be  possible.  It  was  therefore 
accepted  as  inevitable  that  any  gluing 
conditions  established  in  a  test  method 
would  not  necessarily  be  optimum  for 
all  the  boards.  The  determination  of 
optimum  gluing  conditions  for  each 
board  type  is  a  matter  of  further  in¬ 
vestigation  with  the  same  basic  test 
procedure. 

After  selecting  the  adhesive,  the 
primary  factors  in  gluing  procedures 
which  may  be  varied  to  affect  the  re¬ 
sults  are:  assembly  time,  pressure,  tem¬ 
perature,  amount  of  adhesive  spread, 
moisture  content  of  boards,  and  spe¬ 
cial  pre-treatment  of  surfaces. 

In  this  experiment,  the  adhesive 
was  spread  by  means  of  a  spatula  and 
a  slight  excess  was  applied  to  insure 
adequacy.  Since  the  bonding  .area  was 
only  one  square  inch,  the  squeeze-out 
•  was  depended  upon  to  regulate  the 


amount  of  adhesive  in  the  bond. 
Open  and  closed  assembly  times  were 
at  a  minimum  and  were  uniform  at 
the  interval  required  to  spread  eight 
specimens. 

The  gluing  pressure  was  estab¬ 
lished  by  preliminary  experimentation 
and  set  at  60  pounds  per  square  inch. 
To  insure  accuracy  and  reproducibil¬ 
ity,  the  pressure  was  applied  by  means 
of  a  dead  weight  through  a  lever  sys¬ 
tem.  The  specimens  were  under  di¬ 
rect  pressure  for  five  minutes  in  a 
small  retaining  jig  which  held  eight 
specimens  at  a  time.  At  the  end  of  the 
pressure  period,  wing  nuts  were  tight¬ 
ened  down  by  hand  and  the  jig  set 
aside  to  cure  for  24  hours  at  70°  F. 
After  removal  from  the  jigs,  the  speci¬ 
mens  were  allowed  to  condition  for 
five  additional  days  before  testing. 

Three  orientations  of  the  contact¬ 
ing  surfaces  were  included  in  the  ex¬ 
periment  and  were  as  follows: 

1.  Face-to-face 

2.  Back-to-back 

3.  Face-to-face  after  light  sanding 

Eight  specimens  were  made  for 
each  of  these  orientations  for  each 
adhesive  from  every  board,  making  a 
total  of  1728  specimens. 

Type  of  failure  was  also  recorded 
with  the  actual  test  value,  but  this 
information  could  not  be  incorporated 
into  the  gluability  index.  It  was  felt 
that  the  index  itself  would  bear  suffi¬ 
cient  information  concerning  the  qual¬ 
ity  of  the  gluing. 

The  average  of  each  group  of  eight 
glue  specimens  was  then  divided  by 
the  corresponding  average  for  tension 
perpendicular  to  surface  to  yield  the 
gluability  index.  These  were  multi¬ 
plied  by  100  to  eliminate  the  decimal. 

2.  Tension  perpendicular  to  sur¬ 
face:  As  mentioned  previously,  the 
ASTM  procedure  (D-1037— T)  was 
followed  in  obtaining  a  measure  of 
this  property.  Considerable  difficulty 
was  experienced  in  bonding  the  hard- 
board  specimens  to  the  metal  blocks.  A 
number  of  adhesives  were  tried,  but 
the  one  which  gave  the  best  results 


was  a  rubber  base  cement.  In  order 
to  obtain  the  high  bond  strengths 
order  to  obtain  the  high  bond  strengths 
needed  to  break  the  stronger  boards, 
it  was  necessary  to  modify  the  reco.'n- 
mended  procedure  for  this  adhesive. 
The  procedure  finally  adopted  in¬ 
volved  a  30-minute  open  assembly 
time,  12  hours  under  pressure  at  100 
psi,  two  days  curing  at  100°  C,  fol¬ 
lowed  by  two  days  conditioning  at 
70°  F.  and  50*/c  R.  H.  Even  wth 
this  procedure,  four  specimens  failed 
to  bond  in  the  final  experiment,  two 
of  which  were  from  the  same  boani. 

The  strengths  obtained  with  this 
method  were  generally  higher  than 
those  obtained  with  the  method  j  -e- 
viously  described.  Accordingly,  he 
gluability  indices  appear  lower  tl  .in 
would  have  been  the  case  if  corre¬ 
sponding  methods  for  the  two  mi.  is- 
urements  had  been  used. 

This  invalidates  one  of  the  origi  lal 
objectives  of  the  method  which  \  as 
to  classify  the  boards  on  the  basis  of 
100  for  perfect  performance,  but  does 
not  invalidate  the  particular  comp,  ri- 
sons  between  the  lx>ards  •  and  condi¬ 
tions  included  in  this  experiment,  /vt- 
tention  is  now  being  directed  to  ihe 
problem  of  restoring  the  scale  to  its 
proper  level. 

Two,  2  x  2  in.  specimens  w  re 
tested  from  each  sample  board.  .\11 
other  details  of  the  test  were  as  speci¬ 
fied  in  the  ASTM  procedure. 

3.  Tension  parallel  to  surface: 
This  test  was  carried  out  as  specified 
in  the  ASTM  procedure  except  that 
the  width  of  specimen  had  to  be  re¬ 
duced  to  11/2  iri-  to  fit  the  available 
grips.  Four  specimens  were  cut  from 
each  board,  two  in  each  direction. 

4.  Modulus  of  rupture:  The  AS'f  M 
procedure  was  followed  in  this  test. 
Four  specimens  were  cut  from  e.tch 
board,  two  in  each  direction. 

5.  Specific  gravity:  The  specific 
gravity  of  the  boards  was  determined 
on  the  24  x  24  in.  samples  after  t(]ui- 
librium  had  been  reached  in  the  con¬ 
ditioning  room.  The  thickness  was 
calipered  at  four  places  to  .001  in  on 


Table  I — AVERAGE  GLUABILITY  INDICES  FOR  34  HARDBOARD  SAMPLES  FROM  THRE? 
MANUFACTURERS  AND  VARIOUS  GLUING  CONDITIONS 

Manufacturer  1  Manufacturer  2  Manufactur  3 


Standard 

Treated* 

Standard 

Treated** 

Standard 

Tp  '.ted 

Casein 

Face-to-Face . . . 

. .  .37.5 

71.0 

79.3 

86.0 

61.6 

•jc.5 

Back-to-Back ..  - _ ... 

.  34.2 

81.3 

63.0 

109.3 

60.7 

C-  .6 

Face-to-Face  Sanded _ 

.  37.7 

82.4 

73.9 

76.7 

64.7 

f  .9 

Urea 

Face-to-Face _ 

.  34.0 

41.1 

74.2 

.33.8 

66.7 

•i7.3 

Back-to-Back.. . . 

.  42.5 

72.0 

88.6 

58.2 

72.3 

r*  ■< .  6 

Face-to-Face  Sanded 

.  43.2 

84.0 

87.6 

76.4 

73.6 

6-1.2 

ASTM — Tension  X  (psi) . . 

.  92.5 

113.4 

81.5 

134.1 

89.8 

12*.  0 

*IncIude8  only  one  sample  of  board. 

•♦Includes  only  one  sample  of  board. 
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eat'i  board  and  the  surface  measure- 
mciits  were  to  3*^  in.  The  weight  was 
de:<  rmined  at  the  same  equilibrium  to 
0.1  gram.  The  specific  gravity  data  are 
thi  efore  based  on  conditions  at  test. 

Method  of  Analysis 

This  experiment  was  intended  as  a 
ba!  need  design  for  analysis  of  vari¬ 
ant -■  procedures  to  determine  signifi¬ 
cance  of  observed  effects.  Two  circum- 
stae.ccs,  however,  made  the  application 
of  .uch  statistical  procedures  difficult 
anvi  they  were  therefore  not  attempted. 
The  first  was  the  four  missing  values 
of  tension  perpendicular  to  the  sur¬ 
face  which  introduced  unbalance  be¬ 
yond  the  point  at  which  standard 
missing-data  techniques  could  be  used 
with  confidence  to  rectify  the  defi¬ 
ciency.  The  second  was  evidence  that 
the  data  in  their  raw  form  were  not 
suitable  for  a  straight  analysis  of  vari¬ 
ance.  Some  transformation  seemed  to 
be  in  order,  but  the  exact  form  of  the 
transformation  was  not  evident.  This 
will  be  discussed  at  greater  length  in 
the  following  section. 

Because  of  the  situation  described 
above,  the  data  were  studied  by  aver¬ 
aging  and  re-grouping  in  various  ways 
to  reveal  the  effects  of  the  imposed 
test  treatments.  Accordingly,  the  con¬ 
clusions  drawn  could  not  be  advanced 
with  the  same  degree  of  confidence  as 
would  have  been  possible  with  the 
support  of  statistical  treatment  of  the 
data. 


Results 

The  test  results  are  condensed  and 
presented  in  Table  I.  Each  figure  tabu¬ 
lated  is  the  average  of  both  samples 
of  the  three  board  thicknesses  in  each 
case.  For  Manufacturer  1,  one  sample 
of  the  Yu  in.  treated  board  failed  to 
yield  a  test  result  in  tension  perpen¬ 
dicular  to  surface  and  corresponding 
gluability  indices  could  not  be  calcu¬ 
lated.  For  Manufacturer  2,  one  sam¬ 
ple  of  the  in.  treated  board  yielded 
tension  values  which  were  obviously 
considerably  out  of  line  with  other 
strength  properties.  This  apparently 
was  merely  sampling  discrepancy,  but 
it  seemed  best  to  exclude  from  the 
data  such  a  widely  divergent  result. 
Except  for  those  two  cases,  each  figure 
is  the  average  of  48  individual  deter¬ 
minations  of  the  gluability  index. 

Tables  II,  III  and  IV  are  further 
condensations  of  the  same  data  in¬ 
tended  to  bring  out  the  principal  com- 
pariNons  sought  in  this  investigation. 

The  relationships  of  the  gluability 
indc :  to  the  physical  properties  of  the 
boar.i  (tension  perpendicular  to  sur¬ 
face  modulus  of  rupture,  tension  par¬ 
allel  to  surface,  and  specific  gravity) 
are  ^resented  in  the  scatter  diagrams 
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Table  II — AVERAGE  GLUABILITY  INDICES  FOR  34  HARDBOARO  SAMPLES  FROM  THREE 
MANUFACTURERS  COMPARING  STANDARD  VYITH  TREATED  HARDBOARD 
AND  CASEIN  WITH  UREA  FORMALDEHYDE  ADHESIVE 


Manufacturer  1 

Manufacturer  2 

Manufacturer  3 

Standard 

Treated^ 

Standard  Treated^^ 

Standard 

Treated 

Casein . . 

. .  36.5 

78.2 

72.1 

90.7 

62.3 

51.3 

Urea . . 

.  39.9 

65.7 

83.5 

.56.1 

70.9 

51.4 

*IncIude8  only  one  sample  of  Li"  board. 
♦♦Includes  only  one  sample  of  board. 


in  Figures  4,  5,  6,  and  7  respectively. 
The  significance  of  these  correlations, 
as  determined  on  the  raw  data,  is  pre- 
.sented  in  Table  V. 

Discussion  of  Results  and 
Conclusions 

This  method  of  determining  glu¬ 
ability  of  hardboard  appeared  to  be 


capable  of  revealing  differences  be¬ 
tween  the  various  manufacturers  and 
between  various  gluing  conditions. 
How-ever,  the  criterion  for  the  evalua¬ 
tion  of  the  method  as  previously  estab¬ 
lished  was  the  independence  of  the 
gluability  index  from  the  physical 
properties  of  the  board.  The  scatter 
diagrams  in  Figures  4,  5,  6,  and  7, 


Figuft  4  Rtlotionshtp  of  Giuobihty  lodoi  to  Ttnsion 
Ptfpondiculor  to  tHo  Surfoco  for  34 
hordboord  sompiot  from  3 


FgMro  5  Rtlottonihip  of  Qluobility  lodoi  to  Moduiui 
of  Rupturo  for  34bordboord  somploi 
from  3  monufocturort 
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Figurt  6  Rolotioothtp  of  Gluability  tndoito  TontiOA 
PoroHoltotho  Surfoeofor  34  hordboord 
sompios  from  3  monufoeturoro. 

o  Stondord 


Figuro  7.  Rolotionthip  of  GluAlity  Indoi  to  Spociftc 
Grovity  for  34  hordboord  «omplot  frer 
3  monufocturort. 
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Table  III — AVERAGE  GLUABILITY  INDICES 
ACCUMULATED  TO  REVEAL  RELATION¬ 
SHIP  OF  BOARD  TREATMENT 
WITH  ADHESIVE  TYPE 

Standard  Treated 

Casein..  ...  .  57.0  73.4 

Urea....  ...  64.8  57.7 


Table  IV — AVERAGE  GLUABILITY  INDICES 
ACCUMULATED  TO  REVEAL  RELATION¬ 
SHIP  OF  BOARD  TREATMENT  WITH 
ADHESIVE  TYPE  AND  CONDI¬ 
TION  OF  GLUING 


Standard 

Treated 

Casein 

Face-to-Face _  _ 

59.5 

61.2 

Back-to-Back- . . 

52.6 

84.1 

Face-to-Face  Sanded _ 

58.8 

75.0 

Urea 

Face-to-Face _ 

..  58.3 

34.1 

Back-to-Bgck _ 

..  67.8 

62.9 

Face-to-Face  Sanded _ 

..  68.1 

76.2 

indicate  that  some  dependence  on 
physical  properties  does  exist,  par¬ 
ticularly  with  the  treated  boards.  The 
order  of  significance  was  reversed 
only  with  tension  perpendicular  to 
the  surface.  In  this  instance,  the  stand¬ 
ard  boards  displayed  a  significant  cor¬ 
relation  between  gluability  and  strength 
while  the  treated  boards  were  not  sig¬ 
nificant.  The  negative  slopes  of  these 
two  lines  indicate  an  inverse  relation¬ 
ship  which  may  lead  to  the  interpreta¬ 
tion  that,  among  the  boards  tested, 
the  weaker  ones  gave  the  higher  in¬ 
dex.  All  other  relationships  were  in 
the  opposite  direction  with  the  treated 
boards  attaining  higher  significance 
than  the  standard  boards. 

It  is  possible  that  this  dependence 
on  physical  properties  cannot  be  en¬ 
tirely  removed  from  gluability  deter¬ 
minations,  but  the  extent  to  which  it 
exists  must  be  regarded  as  restricting 
the  interpretation  of  the  results.  For 
example,  boards  may  first  have  to  be 
grouped  by  physical  properties  before 
comparison  for  gluability. 

Another  adverse  feature  of  the  pres¬ 
ent  method  is  the  fact  that  it  is  also 
dependent  upon  thickness  of  the 
board.  The  thicker  boards  tend  to  pro¬ 
duce  higher  values  than  the  thinner 
boards.  This  undoubtedly  results  from 
a  bending  component  which  is  im¬ 
posed  on  the  two  parts  of  the  speci¬ 
men  by  the  gripping  mechanism.  In 
this  particular  experiment,  the  com¬ 
plicating  effect  of  this  factor  was  elimi¬ 
nated  by  the  balanced  nature  of  the 
design  which  provided  all  three  thick¬ 
nesses  of  board  in  each  comparison. 
The  elimination  of  one  sample  for 
Manufacturer  1  and  one  for  Manufac¬ 
turer  2  weakened  this  balance  some¬ 
what,  but  a  weighted  average  applied 
to  the  remaining  boards  partially  re¬ 
stored  the  balance. 


The  following  conclusions  may  be 
drawn  from  the  results  of  this  par¬ 
ticular  gluability  test: 

1.  In  general,  casein  gave  higher 
results  on  treated  boards  than  did 
urea  formaldehyde.  The  reverse  was 
indicated  for  standard  boards.  Table 
III. 

2.  Pronounced  differential  effects 
were  evident  among  the  three  manu¬ 
facturers  represented  in  regard  to  the 
response  of  the  two  adhesives  to  the 
type  of  board.  On  the  treated  boards. 
Manufacturer  2  showed  the  greatest 
difference  between  casein  and  urea. 
Manufacturer  1  next,  and  Manufac¬ 
turer  3  only  slight  difference.  Table  II. 

3.  In  regard  to  condition  of  gluing, 
sanding  the  faces  of  standard  boards 
produced  no  improvement  with  the 
casein  glue,  but  did  effect  an  improve¬ 
ment  with  the  urea.  Table  IV. 

4.  Sanding  the  faces  of  treated 
boards  improved  the  gluability  for 
both  casein  and  urea,  the  latter  bene¬ 
fiting  much  more  than  the  former.  In 
fact,  sanding  seemed  to  permit  the 
urea  glue  to  develop  126%  higher 
strength  than  in  the  unsanded  condi¬ 
tion  and  to  slightly  exceed  the  strength 
of  casein  joints.  With  the  unsanded 
faces,  the  casein  was  almost  twice  as 
effective  as  the  urea.  Table  IV. 

5.  In  back-to-back  gluing,  urea  gave 
the  better  result  on  standard  boards 
and  casein  on  treated  boards.  Table  IV. 

6.  Higher  order  interactions  of  the 
foregoing  factors  and  effects  are  evi¬ 
dent  in  Table  I  as  the  contribution  of 
each  manufacturer’s  product  is  segre¬ 
gated.  For  the  most  part,  these  will  be 
found  to  be  more  in  the  nature  of 
differences  in  magnitude  of  the  same 
effect  rather  than  in  different  effects. 

Statistical  Peculiarity  of  the  Data 

One  of  the  side  observations  in  this 
investigation  was  the  fact  that  the 
data  as  collected  could  not  be  sub¬ 
jected  to  a  straight  analysis  of  vari¬ 
ance.  In  a  previous  investigation  of 
water  absorption  of  hardlx)ard,^  it 
was  found  that  the  variation  within 
the  various  board  types  was  propor¬ 
tional  to  the  corresponding  averages. 

G.  G.  Marra  and  R.  D.  Ziegler.  "Effect  of 
Orientation  of  Test  Specimen  in  Water  Bath 
on  Measurement  of  Water  Absorption  Proper¬ 
ties  of  Hardboard",  Washington  State  Institute 
of  Technology,  unpublished  report,  March,  1952. 


For  this  situation,  it  was  appropriate 
to  transform  all  the  data  to  logarithms 
before  proceeding  with  the  analysis. 

In  the  present  case,  the  relationship 
between  the  variation  and  the  aver¬ 
ages  was  uniform  for  only  a  part  of 
the  population  of  board  samples  in¬ 
cluded  in  the  experiment,  but  there* 
appeared  to  be  no  obvious  pattern 
which  might  permit  segregation  into 
several  distinct  populations,  such  .is, 
for  example,  standard  and  treated 
boards. 

.  It  was  not  known  what  effect  would 
be  produced  by  forcing  the  irregu  ir 
boards  through  a  logarithmic  trans¬ 
formation  along  with  the  boards  wh  :h 
followed  the  rule.  On  the  other  hand, 
it  is  possible  that  some  other  type  of 
transformation  might  effect  a  berrer 
compromise  with  all  boards.  Time  did 
not  permit  a  thorough  follow-up  of 
this  lead,  but  it  is  felt  that  the  prob¬ 
lem  warrants  further  attention  because 
of  the  possibility  that  it  may  enter 
prominently  into  much  of  the  exp^  ri- 
mentation  on  hardboard  testing  in 
which  the  responses  of  widely  di\ . ur¬ 
gent  types  of  boards  are  under  in¬ 
vestigation. 

Use  of  Statistical  Methods 

For  the  benefit  of  those  not  familiar 
with  statistical  procedures,  a  further 
word  may  be  helpful  in  understanding 
the  justification  for  transformation  of 
data  before  analysis.  In  common  with 
the  frequently  heard  quip  that  statis¬ 
tics  can  be  made  to  prove  anything, 
transformation  appears  to  be  manipu¬ 
lation  of  data  to  make  it  reveal  effects 
at  the  will  of  the  investigator.  Actu¬ 
ally  no  such  outcome  is  intended.  It 
is  an  effort  to  make  irregular  data 
more  suitable  for  grinding  in  the  sta¬ 
tistical  mechanisms  which  were  de¬ 
signed  to  handle  particular  types  of 
data.  It  is  analogous  to  the  pelletizing 
of  materials  to  prepare  them  for  proc¬ 
essing,  or  to  the  chipping  of  wood  to 
prepare  for  grinding,  or  to  the  chang¬ 
ing  of  sights  on  a  rifle  for  shooting  at 
200  yards  rather  than  100  yards.  As 
in  the  rifle  analogy,  transformation  of 
data  may  achieve  only  a  partial  recti¬ 
fication  just  as  the  rifle  sights  adjusted 
at  200  yards  are  better  for  195-)ard 
shots  than  the  original  100-yard  set¬ 
ting. 


Table  V- 


-SIGNIFICANCE  OF  RELATIONSHIPS  BETWEEN  GLUABILITY  INDEX 
AND  PHYSICAL  PROPERTIES  OF  HARDBOARD 


Gluability  Index  va :  Treated  Standar.l 

Tension  Perpendicular  to  Surface . . . . . .  Not  Significant  Significant 

Tension  Parallel  to  Surface  . . . . . . .  Highly  Significant  Not  Signifir  tnt  ■ 

Modulus  of  Rupture _ _ _ _ _ _ _  Highly  Significant  Not  Signifi'’~nt 

Specific  Gravity . . . . .  Significant  Not  Signifi-  nt 
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Hardboard 


Suitability  of  Lodgepole  Pine  For 
Dry-Formed  Hardboard' 

G.  D.  NIXON 

Wood  Technologist,  Oregon  Forest  Products  Laboratory,  Corvallis,  Oregon 


Lodgepole  pine  was  investigated  by  the  Oregon  Forest  Products 
Laboratory  in  the  first  of  a. series  of  studies  designed  to  evaluate  the 
suitability  of  Oregon’s  secondary  timber  species  for  dry-formed 
hardboard.  The  work  presented  in  this  report  represents  the  results 
of  testing  114  screen-backed  boards,  one-quarter  inch  in  thickness. 
Modulus  of  rupture,  water  absorption,  and  specific  gravity  test  values 
were  statistically  analyzed  to  determine  the  important  effects  caused 
by  the  variables  under  study. 

By  selection  of  the  proper  additives  and  press  temperature  to¬ 
gether  with  a  controlled  pH,  experimental  lodgepole  pine  hardboard 
with  acceptable  properties  can  be  made. 


Lodgepole  pine  {Pinus  contorta 
var.  lati folia)  grows  in  pure  and 
mixed  stands  throughout  the  western 
states.  In  pure  mature  stands,  only 
about  1/r,  of  the  trees  reach  saw-timber 
size  (over  12-in.  d.b.h.*)  which  makes 
lodgepole  the  smallest  of  the  commer¬ 
cially  important  pine  species  (1,  2). 
Over  80  percent  of  Oregon’s  lodge- 
pie  pine  forests  are  composed  of  trees 
ranging  in  size  from  6-inch  to  10-inch 
d.b.h.  (3).  Since  the  state  possesses 
some  620  million  fbm  of  lodgepole 
saw-timber  (4),  the  total  volume 
would  be  several  times  this  amount. 
Ninety-five  percent  of  the  saw-timber 
and  75  percent  of  the  timber  of  6- 
inch  to  10-inch  d.b.h.  are  concentrated 
in  Klamath,  Deschutes,  and  Lake 
counties  (3). 

The  strength,  hardness,  and  density 
of  lodgepole  pine  are  comparable  to 
these  same  properties  in  ponderosa 
pine.  It  is  easily  machined,  glued,  and 
painted.  The  sapwood  is  nearly  white, 
while  the  heartwood  is  only  slightly 
darker. 

At  the  present  time  no  major  use 
for  the  species  has  been  found  be¬ 
cause  of  its  limited  size.  Some  of  its 
present  uses  include  lumber,  millwork, 
poles,  mine  timbers,  ties,  and  pulp. 
The  .innual  volume  cut  for  all  present 
uses  does  not  balance  the  annual 
grow  rh. 

Sei  ne  eastern  Oregon  communities 
locar  d  near  large  stands  of  lodgepole 
pine  are  concerned  with  the  effects  on 
industrial  employment  of  diminishing 
saw-’  inber  supplies  of  other  species. 
At  tlie  request  of  several  interested 

'  Ht'  ented  at  meeting  of  the  Forest  Products 
Researcc  Society,  Pacific  Northwest  Section, 
April  •.  195 j,  at  Eugene,  Ore. 

*  D  leter  at  breast  height. 
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individuals  and  of  the  Bend  Chamber 
of  Commerce,  it  was  decided  at  the 
Oregon  Forest  Products  Laboratory  to 
study  the  suitability  of  lodgepole  pine 
for  a  dry-formed  hardboard,  in  order 
to  promote  the  utilization  of  this  spe¬ 
cies  and  create  a  new  industry  for 
south-central  Oregon.  Because  of  the 
lack  of  readily  available  water  sup¬ 
plies  in  much  of  the  eastern  half  of 
the  state,  a  dry-formed  board  seemed 
most  practicable. 

Some  work  already  has  been  de¬ 
voted  to  the  development  of  lodge¬ 
pole  pine  hardboard.  However,  most 
of  these  efforts  have  been  sponsored 
by  private  individuals  or  industrial 
concerns,  which  generally  restricts  the 
publication  of  results.  A  study  of  wet- 
process  lodgepole  pine  hardboard  was 
carried  on  at  the  Laboratory  in  1947 
(5).  This  work  demonstrated  that  a 
hardboard  with  acceptable  strength 
properties  could  be  made.  Several  re¬ 
search  agencies,  including  the  U.  S. 
Forest  Products  Laboratory  (6),  have 
studied  the  possibilities  of  pulping  the 
wood.  Their  results  show  that  lodge¬ 
pole  pine  is  easily  pulped  and 
bleached.  Although  this  background 
material  was  helpful,  no  reference 
was  found  that  dealt  specifically  with 
dry-formed  hardboard  from  lodgepole 
pine.  Several  manufacturers  of  hard- 
boards  and  hardboard  additives  gave 
helpful  advice  in  outlining  the  experi¬ 
mental  procedure. 

Experimental  Procedure 

The  experimental  procedure  used 
may  be  divided  into  four  main  steps: 
(1)  preparation  of  the  fiber  from  raw 
or  steamed  chips,  (2)  formation  of 
the  boards,  (3)  testing  the  boards, 
and  (4)  statistical  analysis  of  test  data. 


Preparation  of  Fiber 

The  raw  material  for  the  study  was 
obtained  from  a  mixed  stand  of  lodge¬ 
pole  and  ponderosa  pine  40  miles 
southwest  of  Bend,  Oregon.  Three 
1 6-foot  logs  averaging  12  inches  in 
diameter  were  selected,  then  bucked 
into  4-foot  lengths  for  shipment  to 
Corvallis. 

At  the  Laboratory  the  bolts  were 
barked  and  then  ripped  into  4-inch 
squares  to  accommodate  the  24-inch, 
two-knife  chipper.  The  chips  were  fur¬ 
ther  reduced  in  a  chip-breaker  and 
screened  to  obtain  a  uniform  %-inch 
chip  size.  The  classified  chips  were 
stored  in  closed  containers  in  a  room 
maintained  at  35  deg  F. 

Chips  to  be  steamed  before  grind¬ 
ing  were  charged  into  a  small  rotary 
digester  and  cooked  for  I/2  hour  under 
25  pounds  of  steam  pressure. 

Because  of  the  limited  capacity  of 
some  facilities,  only  about  50  pounds 
(dry  weight)  of  chips  were  ground  at 
a  time.  The  chips  were  ground  in  a 
24-inch  double-disk  attrition  mill 
equipped  with  plates  for  dry  grind¬ 
ing.  Although  the  machine  was  de¬ 
signed  for  wet  grinding,  no  water  or 
steam  was  used  during  the  grinding 
runs.  The  chip-feed  rate  and  plate 
clearance  of  the  grinder  *were  adjusted 
initially,  until  an  acceptable  fiber  was 

firoduced  when  the  mill  was  under 
ull  load  as  indicated  by  an  ammeter. 
Subsequent  grinding  was  done  at  a 
constant  chip-feed  rate  (approximately 
5  lb  per  min),  but  the  plate  clearance 
was  usually  increased  about  0.003  inch 
during  the  short  run  in  order  to  com¬ 
pensate  for  the  heat  expansion  of  the 
plates.  After  grinding,  the  fiber  was 
allowed  to  air  dry  to  a  moisture  con¬ 
tent  of  approximately  10  to  20  per¬ 
cent  of  the  ovendry  weight  before  u.se. 

Preparation  of  the  Boards 

The  method  used  for  the  produc¬ 
tion  of  experimental  by  12-  by  12- 
inch  boards  consisted  of  the  follow¬ 
ing  operations  with  the  fiber:  (1) 
hammermilling,  (2)  additive-mixing, 
(3)  mat-forming,  and  (4)  hot-press¬ 
ing. 

The  fiber  first  was  run  through  a 
hammermill  equipped  vith  rounded 
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hammers  and  a  %-inch  mesh  screen. 
This  operation  served  to  fluff  the  fiber 
and  disperse  any  balls  formed  during 
handling  and  storage.  This  prepared 
the  fiber  for  an  optimum  dispersal  of 
additives  in  the  mixer.  The  hammer- 
mill  did  not  further  refine  or  other¬ 
wise  change  the  character  of  the  fiber. 

A  check  of  the  moisture  content 
was  used  to  determine  the  amount  of 
prepared  fiber  (about  2000  g)  for 
three  boards,  which  was  the  number 
used  to  evaluate  each  combination  of 
additives  and  pressing  temperature. 
The  tared  fiber  was  placed  in  a  pro¬ 
peller-type  mixer  equipped  with  two 
spray  heads  for  additive  distribution. 
The  additives  (such  as  resins  and  wax 
emulsions)  to  be  sprayed  for  a  par¬ 
ticular  formulation  were  diluted  with 
enough  water  to  bring  the  total  vola¬ 
tile  content  of  the  fiber  to  40  percent 
after  mixing.  Early  in  the  work  a 
small  amount  of  a  water-soluble  fluor¬ 
escent  dye  was  included  with  the  ad¬ 
ditive  solution  to  determine  the  effi¬ 
ciency  of  the  mixer.  Observation  of 
the  coated  fiber  under  ultra-violet 
light  showed-  that  the  mixer  achieved 
a  uniform  distribution  of  additive  ma¬ 
terials  after  a  few  minutes  of  agita¬ 
tion. 

From  another  check  of  the  fiber 
moisture  content  after  the  inclusion  of 
additives,  the  exact  amount  needed 
for  each  of  the  three  boards  was  de¬ 
termined.  To  insure  a  nominal  thick¬ 
ness  of  inch,  each  board  contained 
a  different  amount  of  material  de¬ 
pending  on  the  pressure  schedule  used 
for  consolidation.  Enough  fiber  for 
one  board  was  poured  into  the  shaker 
box  of  the  felter,  which  was  fitted 
with  two  screens  having  1-mch  open¬ 
ings.  When  the  felter  was  vibrated, 
the  fiber  passed  through  the  screens 
onto  a  12-  by  12-inch  polished  stain¬ 
less  steel  caul  plate  surrounded  by  a 
12-  by  12-inch  chase.  The  surface  of 
the  loose  mat  of  fiber  was  leveled  and 
the  chase  moved  under  an  air-operated 
12-  by  12-inch  plunger  which  reduced 
the  thickness'  of  the  mat  to  about  3 
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inches.  The  chase  was  then  removed 
and  a  14-  by  l4-inch,  20-mesh  brass 
screen  together  with  another  caul 
plate  was  placed  on  top  of  the  mat. 
Finally,  the  mat  was  inverted  so  that 
the  caul  bearing  the  screen  was  in 
contact  with  the  bottom  platen  of  the 
hot  press. 

The  mats  were  pressed  in  a  single¬ 
opening  hydraulic  press  equipped  with 
24-  by  24-inch  steam-heated  platens. 
For  the  three  mats  pressed  for  each 
formulation,  three  distinct  schedules 
of  pressures  were  used.  This  was  done 
to  achieve  a  range  in  specific  gravity 
as  encountered  among  commercial 
hardboards.  The  pressure  schedules 
are  shown  in  Table  1  below: 

Table  1 — PRESSURE  SCHEDULES  USED 
FOR  HOT  PRESSING 


Platen 

Specific 

Schedule 

pressure 
Lb.  per 

Duration 

Gravity 

1 

First  stage . 

sq.  in. 

Minutes 

500 

0.75 

Second  stage  . . . 

100 

9.25 

0.95 

2 

First  stage _ 

1000 

0.75 

Second  stage.... 

100 

9.25 

1.00 

3 

First  stage _ 

1000 

0.75 

Second  stage.... 

80 

4.25 

Third  stage . 

2.50 

5.00 

1.05 

♦Anticipated  average. 

After  pressing,  the  boards  were 
allowed  to  reach  an  equilibrium  mois¬ 
ture  content  with  the  room  atmosphere 
before  testing. 

Testing  the  Boards 

All  of  the  boards  were  tested  for 
modulus  of  rupture,  water  absorption, 
specific  gravity  and  moisture  content 
values.  Measurements  of  pH  were 
made  during  the  latter  half  of  the 
study.  With  the  exception  of  pH  meas¬ 
urements,  nine  samples  were  tested  for 
each  board  formulation.  The  cutting 
plan  for  test  samples  for  each  12-  by 
12-inch  board  is  shown  in  Fig.  1. 

The  modulus  of  rupture  tests  were 
performed  in  accordance  with  the  Fed¬ 
eral  Hardboard  Specification  LLL-F- 
311,  except  that  the  lengths  of  the 
samples  were  11  inches  (instead  of 
12  inches)  and  the  breaking  loads 
were  read  to  the  nearest  O.g  pound 
(instead  of  the  nearest  five  pounds). 

After  the  modulus  of  rupture  tests, 
a  3-  by  3-inch  water-absorption  sample 
was  cut  from  each  bending  sample. 
Since  the  size  of  the  samples  was 
smaller  than  recommended  by  existing 
or  proposed  standards,  the  water  ab¬ 
sorption  values  shown  were  somewhat 
higher  than  would  be  expected  from 
standard  tests  (10).  When  initial 
thickness  measurements  and  weights 
had  been  recorded,  the  samples  were 
immersed  for  24  hours  under  1  inch 
of  water  maintained  at  70  deg  F. 
Upon  removal  from  the  water,  the 


samples  were  set  on  edge  and  allowed 
to  drain  for  10  minutes.  The  thick¬ 
nesses  and  weights  were  again  re¬ 
corded.  The  water  absorption  and 
thickness  swelling  were  calculated  as 
percentages  of  the  original  thickness 
and  weight. 

Specific  gravity  values  (calculai^ecf 
on  the  basis  of  ovendry,  weight  and 
volume)  were  obtained  from  1-  by 
3-inch  coupons  which  also  were  .ut 
from  the  bending  samples.  First,  the 
initial  weight  of  the  coupon  was  re¬ 
corded,  after  which  it  was  oven-dned 
overnight.  The  dry  weight  was  t  icn 
recorded,  and  the  coupons  were  m- 
mersed  in  mercury  to  determine  tlx-ir 
ovendry  volume.  Moisture  content  of 
the  samples  at  test  were  calcuL;xd 
from  the  initial  and  ovendry  weig  its. 

The  pH  of  the  fiber  mixtures  'vas 
measured  by  adding  the  equivalen-  of 
2.00  g  of  ovendry  material  to  100  ml 
of  distilled  water.  The  slurry  vas 
allowed  to  stand  for  1/2  hour,  u  ter 
which  the  pH  was  read  with  an  (..me¬ 
trical  pH  meter.  Because  of  the  t  ne 
consumed  in  making  these  tests  (;nly 
two  of  these  determinations  were  n.ade 
for  each  board  formulation. 

Statistical  Analysis  of  Test  Data 

In  order  to  detect  important  differ¬ 
ences  in  board  properties  caused  by 
various  treatments,  the  test  data  were 
subjected  to  the  common  statistical 
method  of  analysis  of  variance.  Only 
test  values  for  modulus  of  rupture, 
percent  water  absorption,  and  specific 
gravity  were  analyzed  because  of  time 
limitations.  Tables  summarizing  the 
results  of  these  analyses  may  be  found 
in  the  appenefix.  Throughout  the  sta¬ 
tistical  work,  a  significance  level  of 
95  percent  was  used.  In  other  words, 
the  chances  are  19  out  of  20  that  the 
conclusions  drawn  from  the  ncults 
are  correct. 

Discussion  of  Results 

The  discussion  of  results  is  .sepa¬ 
rated  into  two  sections.  The  first  sec¬ 
tion  deals  with  comparisons  of  'iber 
made  from  steamed  chips  with  that 
from  raw  chips,  and  propertic  of 
boards  made  from  these  types  of  I'ber. 
The  latter  section  presents  the  n  •'ults 
of  a  later  study  specifically  concerned 
with  the  improvement  of  the  v,  ater 
resistance  of  boards  made  with  stc..  ned 
fiber. 

Comparison  of  Raw  With 
Steamed  Chips 

Both  raw  and  steamed  chips  ere 
ground  in  exactly  th;  same  way  i.e., 
the  rate  of  chip  feed  was  held  on- 
stant  while  the  plate  clearance  wa  de¬ 
creased  until  the  ammeter  indie  ited 
the  grinder  was  under  full  load.  The 
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Table  3 — HARDBOARDS  MADE  WITH  STEAMED  FIBER  COMPARED  WITH 
BOARDS  MADE  WITH  RAW  FIBER 


ste.:^Tied  chips  produced  a  slightly 
(]ar^e^  fiber  than  the  raw  chips.  A  pH 
chc  k  of  both  fibers  revealed  that  the 
ste.iined  fiber  (pH  4.7  to  5.1)  was 
sliL  fitly  more  acid  than  the  raw  fiber 
(pj{  5.1  to  5.3),  because  of  partial 
hy\  rolysis  during  the  cook. 

»  !;Oth  types  of  fiber  were  separated 
inti-  components  by  a  Bauer-McNett 
fib  r  classifier,  fitted  with  20-,  35-,  65-, 
an  150-mesh  screens.  The  classifier 
coi  --ists  of  four  screened  compart- 
mc  its  through  which  a  known  amount 
of  fiber  in  water  suspension  passes 
fro.n  one  compartment  to  the  next  by 
grui  ity.  The  stock  is  agitated  in  each 
conipartment  so  that  the  long  axis  of 
the  fiber  is  oriented  parallel  to  the 
screen  surface.  The  results  of  the 
screen  analyses  are  shown  in  Table  2. 

The  analysis  shows  that  the  steamed 
fiber  contained  a  larger  proportion  of 
the  largest  (and  longest)  fiber  bun¬ 
dles;  however,  the  raw  fiber  contained 
more  of  the  next  larger  fraction  than 
did  the  steamed  fiber.  The  differences 
between  the  last  two  fractions  were 
much  smaller.  Thus  the  steamed  chips 
may  be  said  to  produce  the  longer 
fiber. 

Upon  examination  of  four-diameter 
enlargements  of  the  silhouettes  (Fig. 
2)  of  both  classified  and  unclassified 
fiber,  the  following  differences  were 
noted : 

(1)  The  average  steamed  fiber  bun¬ 
dles  appear  to  be  noticeably 
longer  than  the  raw  fiber  bun¬ 
dles. 

(2)  The  ends  of  the  steamed  fiber 
shives  are  more  often  broomed 
or  frayed  than  the  raw  fiber 
shives. 

(3)  Each  screened  fraction  of  the 
steamed  fiber  appears  to  be  a 
more  fibrous  material  than  the 


Additive  Treatment 


Fiber 

Resin  2H% 

Resin  7% 

Resin  2H% 
Wax  1H% 

L.S.D.^ 

MODULUS  OF  RUPTURE 

Psi 

Psi 

Psi 

Raw _  .  _ 

6700 

6460 

4560 

Steamed . . 

.  7680 

7560 

4890 

Average _ _ 

.  7190 

7010 

4730 

2203^^ 

WATER  ABSORPTION 

Per  cent 

Per  cent 

Per  cent 

Raw _ 

72.0 

.54.9 

66.2 

Steamed _ _ 

80.1 

63.4 

51.4 

9.4^^ 

SPECIFIC  GRAVITY 

Raw.  _ 

1.00 

0.98 

0.98 

Steamed . . 

1.02 

0.96 

0.96 

Average _  _  . 

.  .  .  1.01 

0.97 

0.97 

0.04^^ 

*Lea8t  significant  difference  that  must  exist  between  averages  before  a  significant  effect  is  noted. 
♦♦The  least  significant  difference  given  for  modulus  of  rupture  and  specific  gravity  is  appiicable  to  the 
combined  averages  for  each  additive  treatment.  The  least  significant  difference  given  for  water  absorption 
can  be  applied  to  any  of  the  values  shown. 


gether  with  II/2  percent  of  a  wax 
emulsion.  The  three  additive-treat¬ 
ments  were  used  to  provide  a  broader 
base  for  conclusions  about  differences 
caused  by  the  type  of  fiber.  Three 
boards  were  pressed  both  from  raw 
fiber  and  from  steamed  fiber  for  each 
kind  of  fiber-and-additive  combina¬ 
tion.  All  of  the  boards  were  pressed 
at  320  deg  F.  It  was  apparent-  while 
forming  the  mats  that  the  bulk  density 
of  the  raw  fiber  was  considerably  less 
than  that  of  the  steamed  material. 
The  properties  of  these  boards  are 
shown  in  Table  3. 

The  modulus  of  rupture,  percent 
water  absorption,  and  specific  gravity 
test  values  were  analyzed  with  fiber 
type  and  additive  treatment  taken  as 
the  main  sources  of  variation  in  the 
statistical  analysis  of  the  data. 

Modulus  of  rupture:  The  analysis 
of  modulus  of  rupture  values  showed 
that  steamed  fiber  produced  the  strong¬ 
est  boards  regardless  of  additive  treat¬ 
ment.  Irrespective  of  the  fiber  used, 
boards  of  higher  resin  content  did  not 
appear  to  have  increased  strength, 
while  the  inclusion  of  wax  decreased 


cific  gravity,  regardless  of  the  addi¬ 
tive  treatment.  This  shows  that  dif¬ 
ferences  in  modulus  of  rupture  and 
water  absorption  values  caused  by  the 
type  of  fiber  could  not  be  attributed  to 
specific  gravity.  Boards  containing  21/2 
percent  resin  possessed  a  somewhat 
higher  specific  gravity  than  the  boards 
made  with  the  other  two  additive 
treatments.  This  may  explain  why  ad¬ 
ditional  resin  did  not  appear  to  im¬ 
prove  strength  properties. 

Summary  tables  of  the  statistical 
analysis  appear  in  the  appendix. 

The  above  results  demonstrated  that 
fiber  ground  from  steamed  chips  pro¬ 
duced  boards  of  superior  strength, 
and  appeared  to  make  more  efficient 
use  of  the  wax.  For  these  reasons,  it 
was  decided  that  steamed  fiber  offered 
possibilities  somewhat  superior  to  raw 
fiber  for  dry-formed  hardboard  from 
lodgepole  pine.  Steamed  fiber  was  used 
exclusively  throughout  the  following 
study. 

Improving  the  Water  Resistance 
of  Steamed-Fiber  Boards 


corresponding  fraction  of  raw 
fiber,  which  tended  to  be 
almost  brick-like  in  appear¬ 
ance. 

The  visual  characteristics  of  the 
two  kinds  of  fiber  seemed  to  indicate 
that  the  steamed  chips  would  produce 
fiber  more  acceptable  for  hardboard. 

The  performance  of  both  fibers  con¬ 
solidated  into  boards  was  investigated 
by  making  duplicate  sets  of  boards 
containing  2I/2  percent  resin,  7  per¬ 
cent  resin,  and  2I/2  percent  resin  to- 

Thr  author  would  like  to  acknowledge  the 
wlrt-!  assistance  of  Dr.  Jerome  C.  R.  Li. 
Matli  Tiatics  Department.  Oregon  State  College, 
and  Pr.  John  R.  Stillinger.  O.F.P.L.,  in  the 
statistical  analyses. 


the  strength. 

Water  absorption:  Neither  the 
type  of  fiber  nor  type  of  additive  treat¬ 
ment  had  any  general  effect  on  the 
water  absorption  because  test  results 
showed  that  the  additive  treatments 
did  not  have  a  consistent  influence  on 
either  type  of  fiber.  Boards  made  with 
steamed  fiber  had  the  least  water  re¬ 
sistance,  except  when  wax  was  added. 
Additional  resin  reduced  the  water  ab¬ 
sorption  of  boards  of  both  fiber  types, 
but  had  the  greater  effect  on  the  raw 
fiber,  where  the  addition  of  wax  was 
ineffectual. 

Specific  gravity:  The  type  of  fiber 
had  no  significant  effect  on  the  spe¬ 


Toble  2 — SIZE  COMPARISON  OF  RAV/  AND  STEAMED  FIBERS 

1.2  3  4 

Retained  Retained  SS-meah,  Retained  S.S-mesh,  Retained  150-mesh, 

20-me8h  passed  20-mesh  passed  35-mesh  passed  65-mesh 

Per  cent  Per  cent  Per  cent  Per  cent 

.  58.7  26.6  9.7  5.0 

. .  68.2  20.1  8.1  3.6 


Simultaneous  effects  of  pH  con¬ 
trol,  press  temperature  and  supple¬ 
mentary  additives:  Because  of  the 
high  water-absorption  values  encoun¬ 
tered  in  the  early  work,  it  seemed  man¬ 
datory  that  the  water  resistance  be 
improved  before  lodgepole  pine  could 
be  attractive  as  a  raw-material  for 
hardboard.  The  proposed  commercial 
standard  for  hardboard  (which  states 
that  y4-'in.,  Smooth-one-Side,  untreated 
board  should  have  a  water  absorption 
of  16  percent  and  a  modulus  of  rup¬ 
ture  of  5,500  psi)  was  used  as  the 
goal  to  be  attained.  Previous  work 
done  by  others  indicated  that  pH  con¬ 
trol  (7),  press  temperature  (8),  and 
the  use  of  supplementary  additives  (in 
addition  to  a  resin  binder)  were 
among  the  factors  which  have  an  im¬ 
portant  bearing  on  water  resistance. 
The  simultaneous  study  of  all  three 
(factorial  type  experimental  design) 
allowed  the  results  to  show  not  only 
the  general  influence  of*  each  variable. 
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Table  4 — AVERAGE  TEST  VALUES  OBTAINED  FROM  THE  WATER  RESISTANCE  STUDY 
OF  BOARD  MADE  WITH  STEAMED  FIBER 


320  deK  F  400  deg  F 


Additive  treatment" 

No  pH 

pH  controlled 

No  pH 

pH  controlled 

Board  property 

control 

to  4 .0 

control 

to  4.0 

Controll  (no  additivta) 

M.O.R.  (psi)r 

3090 

2900 

3.590 

4180 

Water  absorp  ' 

231. h 

251.5 

91.5 

72.2 

Thick,  swell  ('/,,)  ' 

213.8 

215.5 

64.0 

46.8 

Spgrr 

1.01 

1.00 

1.02 

l.o:) 

M.C.  at  test  (*;■{  ) 

4.1 

4.2 

3.3 

3.0 

pH'-.. 

4. 7-4. 2 

3. 9-4.1 

4. 7-4. 4 

3.9  4.1 

Resin 

M.O.R  (|)si) -  . 

8.'i00 

7280 

8620 

8680 

W:»ter  absorp  (%)' 

63.4 

51.8 

.54.5 

.38.4 

Thick,  swell.  (Vr) 

42.4 

37.4 

31.0 

23.0 

Sp  gr  r 

1.03 

1.04 

1  .p4 

1.0^ 

M.C.  at  test  (%) 

4.0 

3.1 

3.2 

1.8 

pHh 

6.6  .5.3 

4.2  4.0 

6.6  5.5 

4.2-4.;; 

Rrain  2H‘^'o 

Wax  "A”  1^% 

M.O.R.  (psil  r 

6820 

6430 

8130 

6630 

Water  absorp  ( % )  ' 

32.8 

23.6 

47.7 

18.8 

Thick,  swell.  (%) 

26.3 

24.2 

28.7 

13.0 

Sp  grr 

1.02 

1.05 

1.05 

1.0' 

M.C.  at  test  (%) 

5.5 

4.3 

3.6 

2. 

pH'> 

6.6  5.2 

3. 9-4.0 

6. 6-5. 4 

3.8-3  8 

Resin  2!^% 

Wax  “B”  133% 

M.O.R.  (psi) 

.5940 

4420 

63.50 

.5640 

Water  absorp  ("/{•)., 

57.0 

18.3 

.53.2 

15.: 

Thick,  swell.  (%)  . 

34.4 

12.1 

25.5 

e.*- 

Spgr' - 

0.99 

0.99 

0.99 

I.i  1 

M.C.  at  t€!st  (%)..  .. 

4.7 

5.6 

4.0 

3.0 

pH*' _ 

6. 2-5. 7 

3.9-4. 1 

6. 3-5. 6 

3.9  4  > 

Resin  2>4% 

Wax  “C’^ 

M.O.R.  (psi) . 

69.50 

5790 

7160 

.5830 

Water  absorp  (%)  ' . 

.59.3 

21.5 

41.0 

17.. 

Thick,  swell.  (%). . 

33.0 

15.4 

21.5 

9.1 

1.02 

1 .01 

0.99 

1.1  1 

M.C.  at  test  (%).  _ _ 

5.1 

4.3 

3.9 

3.': 

pH*- _ 

6. 3-5. 4 

3. 8-4.0 

6. 3-5. 4 

4.0  4  . -i 

Resin  254% 

Rosin  Size  “A”  154% 

M.O.R.  (psi) _ 

6260 

5230 

7.590 

6170 

Water  absorp  (%) 

41.4 

27.4 

35.5 

22.7 

Thick,  swell.  (%) . 

26.1 

16.5 

19.0 

12.  J 

Spgrr - 

1.01 

0.98 

1.02 

1.00 

M.C.  at  test  (%)  - . 

4.9 

5.3 

3.7 

4.1 

pH'- . . . 

6. 8-5. 9 

3. 9-3. 7 

6. 9-6.0 

4.6  4  :i 

Resin  254% 

M.O.R.  (psi).. 

6690 

.5420 

7340 

6390 

Rosin  Size  “B”  1 54% 

Water  absorp  (%) ' 

61.9 

45.3 

.53.6 

43.1 

Thick,  swell.  (%)..  . 

36.4 

25.7 

25.7 

19.- 

Sp  grr . 

1.00 

1.01 

1.01 

1.05 

M.C.  at  test  (%) 

4.6 

5.6 

3.4 

3.3 

pH*-. . 

6. 5-5.9 

3. 9-3. 7 

6. 8-5. 9 

3.9  3  9 

Resin  254% 

Rosin  Size  "C”  154% 

M.O.R.  (psi) _ 

6610 

4020 

74.50 

4730 

Water  absorp  (%) '. 

73.5 

44.3 

.54.8 

25.0 

Thick,  swell.  (%)... 

47.6 

30.9 

32.1 

13.0 

Sp  grr  . 

1.02 

1.02 

1.02 

1 .07 

M.C.  at  test  (%) . 

4.6 

2.5 

3.2 

1.5 

pH*- _ 

7. 3-5. 5 

3. 7-3. 8 

7. 4-5. 6 

3.7-3  9 

"The  per  cent  additive  solids  (  ).D.)  incorporated  based  on  the  amount  of  O.D.  tilier. 
Rrain-  -phenolic  tyi)e 
Wax  “A”— Precipitating-type  emulsion 
Wax  “B”- — Non-precipitating-type  emulsion 
Wax  “C”-  -Solid  type  added  to  chips 
Rosin  Size  “A”-  -Powder 
Rosin  Size  “B” — Paste 
Rosin  Size  "C” — Powder 
•'pH  prior  to  pressing  =  pH  after  pressing. 

'Properties  statistically  analyzed. 


but  also  any  interrelationships  among 
two  or  more  of  the  factors. 

Six  different  supplementary  addi¬ 
tives  (including  two  wax  emulsions, 
one  solid-type  wax,  and  three  rosin- 
sizes)  were  used.  Each  additive  was 
used  in  combination  with  21/2  percent 
resin  binder.  Boards  were  also  made 
up  without  additives  (control),  and 
with  resin  binder  only.  A  water  solu¬ 
tion  of  each  supplementary  additive 
(except  the  solid-type  wax)  was 
sprayed  simultaneously  with  the  binder 
onto  the  fiber  from  a  separate  spray 
nozzle.  The  sol  id -type  wax  was 
sprayed,  undiluted,  from  a  heated 
spray  gun  onto  the  chips  prior  to 
steaming. 

Hallonquist  (7)  showed  that  by  re¬ 
ducing  the  pH  of  the  fiber-additive 
mixture  to  approximately  4.0  to  4.5, 
the  water  absorption  of  both  Douglas- 
fir  and  white  fir  (dry-formed)  hard- 
boards  was  materially  reduced.  To  test 
the  effect  of  pH,  boards  containing  the 
same  additives  were  pressed  with  and 
without  pH  control.  The  pH  of  fiber- 
additive  mixtures  to  be  controlled  was 
lowered  to  approximately  4.0.  This 
was  done  by  spraying  a  previously  de¬ 
termined  amount  of  a  50-50  solution 
of  1 -normal  sulphuric  acid  and  1 -nor¬ 
mal  alum  on  the  fiber  after  the  appli¬ 
cation  of  additives. 

Previous  work  accomplished  by 
both  the  U.  S.  Forest  Products  Lab¬ 
oratory  (8)  and  the  Oregon  Forest 
Products  Laboratory  (9)  with  Doug- 
las-fir  hardboard  indicated  that  an  in¬ 
crease  of  press  temperature,  within 
certain  limits,  has  a  beneficial  effect 
on  both  strength  and  water-resistance 
properties.  By  examining  the  influence 
of  two  press  temperatures  (320  deg  F 
and  400  deg  F)  it  was  felt  that  some 
indication  of  the  importance  of  this 
variable  could  be  obtained. 

Thus,  each  of  eight  fiber-additive 
combinations  was  subjected  to  four 
distinct  conditions  of  temperature  and 
pH  (acid).  A  total  of  96  boards  from 
32  formulations  were  pressed.  The 
average  test  values  obtained  are  pre¬ 
sented  in  Table  4. 

As  mentioned  earlier,  only  the  wa¬ 
ter  absorption,  modulus  of  rupture, 
and  specific  gravity  test  values  were 
statistically  analyzed.  Additive  treat¬ 
ment,  pH  condition,  press  tempera¬ 
ture,  and  pressure  cycle  were  assigned 
as  the  accountable  sources  of  variation 
for  the  analysis.  A  few  brief  com¬ 
ments  about  the  test  data  not  sta¬ 
tistically  treated  follows  the  analysis 
results. 

Water  absorption:  The  size  of 
sample  used  for  the  water  absorption 
test  was  smaller  than  specified  in  the 
proposed  commercial  standard.  Water 
absorption  values  obtained  in  this 
study  therefote  are  somewhat  high  and 
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should  not  be  used  as  a  strict  criterion 
for  meeting  the  commercial  standard. 
The  analysis  of  water  absorption  values 
revealed  that  pH  control  appreciably 
increased  the  water  resistance  of  all 
boards,  regardless  of  the  additives  or 
press  temperature  used.  However, 
Table  5  shows  that  boards  with  some 
of  the  additive  combinations  were 
affected  a  great  deal  more  than  boards 
with  others. 


Table  5 — AVERAGE  WATER  ABSORPTION 
REDUCTION  CAUSED  BY  pH  CONTROL 


Decrease 
in  water 
absorption 

Additive  treatment  percentages" 

Wax  “B” _  ...  38.3 

Rosin  Size  “C” .  _ 29.1 

Wax“C” .  28.1 

Wax  “A” . 19.1 

Resin  Only  13.8 

Rosin  Size  “A”  _ _  ...  13.4 

Rosin  Size  “B”  - -  .  13.4 

Control. .  -  . -  -  12.6 


I^^ast  significant  difference;  7.67  per  cent. 
■Average  water  absorption  irrespective  of  press 
temperatures  of  boards  pressed. 


The  increase  in  press  temperature 
from  320  deg  F  to  400  deg  F  de¬ 
creased  water  absorption  for  sonic  but 
not  all  of  the  additive  treatments,  as 
demonstrated  in  Table  6. 

Table  6 — EFFECT  ON  WATER  ABSORPTION 
OF  AN  INCREASE  IN  PRESS  TEMPERA¬ 
TURE  FROM  320"  F.  TO  400"  P 

Average  d.  resse 


in  waCT 
absorp'ion 

Additive  treatments  percent:. c'<«* 

Significantly  reduced 

Control _ _ _  172.  •• 

Rosin  size  “C" _ _  18  ' 

Resin  only .  11.  > 

Wax"C” . . .  8.' 

No  effect 

Rosin  size  “A” .  5 

Rosin  size  “B” . S  i 

Wax  "A” .  3.1 

Wax“B” . . .  —5 


Least  significant  difference:  7.67  per  cent 
♦Average  water  absorption  regardless  of  pi  eoo^ 
dition,  of  boards  pressed  at  320  deg  F  and  40P  ^eg  F 

Alt  three  pressure  cycles  ha.’  an 
important  influence  on  water  ab'Orp 
tion  through  the  effect  on  sr  cint 
gravity.  Cycles  2  and  3  prodi  ced 
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beards  of  greater  water  resistance  than 
C'cle  1  regardless  of  the  additiv'e 
tr  itment,  pH  condition,  or  press  tem- 
p(  rature  employed.  The  effect  of  the 
p-.ssure  cycles  is  summarized  in 
T.ble  7. 

lanie  7 — INFLUENCE  OF  PRESSURE  CYCLES 
ON  WATER  ABSORPTION 

ycle  Water  absorption 

Per  cent,  average 


I.east  significant  difference:  2.34  per  cent. 

In  summary,  the  following  relation¬ 
ships  were  established  from  the  anal¬ 
ysis  of  water  absorption  values: 

a.  Control  of  pH  is  an  important 
factor  in  the  improvement  of 
water  resistance  regardless  of  ad¬ 
ditive  treatment,  press  tempera¬ 
ture,  or  pressure  cycle  (sp.  gr.) 
used  in  this  study. 

b.  An  increase  of  press  tempera¬ 
ture  may  or  may  not  improve 
water  resistance  depending  on 
the  particular  additives  con¬ 
cerned. 

c.  As  expected,  increased  press 
pressure  (sp.  gr.)  reduced  water 
absorption. 

Modulus  of  rupture:  All  of  the 
major  variables  had  a  significant  gen¬ 
eral  effect  on  the  modulus  of  rupture 
of  the  boards.  Table  8  shows  that  the 
addition  of  supplementary  additives 
reduced  the  strength  of  boards  com¬ 
pared  to  those  made  with  resin  only. 
In  general,  pH  control  lowered  the 
strength  of  the  boards  (Table  9).  In¬ 
creased  press  temperature  generally 
improved  the  modulus  of  rupture 
(Table  10).  The  magnitude  of  differ¬ 
ences  caused  by  the  additive  treatment, 
pH  condition,  and  press  temperatures 
were  interdependent.  In  other  words, 
pH  control  and  -  press  temperature 
affected  each  of  the  additive  combina¬ 
tions  in  the  same  way,  but  not  to  the 
same  degree.  For  example.  Table  4 
shows  that  pH  control  has  no  effect 
on  the  modulus  of  rupture  of  boards 
pressed  at  400  deg  F  with  resin  alone, 
while  pH  control  at  the  same  tem- 
per.iture  caused  a  decided  drop  in 
moilulus  of  rupture  values  of  boards 
containing  resin  and  wax  "A”. 

Pressure  cycles  2  and  3  produced 
stronger  boards  than  cycle  I  regardless 
of  the  additives,  press  temperature, 
and  pH  condition  (Table  11). 

Table  8— GENERAL  EFFECTS  OF  ADDITIVE 

treatments  on  modulus  of  rupture 


-tignifleant  difference:  1,331  psi. 


Table  9 — GENERAL  EFFECT  OF  pH  CONTROL 
ON  MODULUS  OF  RUPTURE 

Acidity  M.O.R., 

Avg  psi 

Uncontrolled  pH _  6690 

Controlled  pH _ 5600 


Table  10 — GENERAL  EFFECTS  OF  PRESS  TEM¬ 
PERATURE  ON  MODULUS  OF  RUPTURE 

Temperature  M.O.R. 

Avg  psi 

320  deg  F . 5770 

400  deg  F . 65.30 


Table  1 1 — EFFECT  OF  PRESSURE  CYCLES 
ON  MODULUS  OF  RUPTURE 


Least  signilicant  difference:  815  psi. 


The  following  statements  summar¬ 
ize  the  results  of  the  analysis  of  modu¬ 
lus  of  rupture: 


a.  The  incorporation  of  supple¬ 
mentary  additives  resulted  in  a 
material  reduction  in  strength. 

b.  In  general,  pH  control  reduced 
the  strength. 

c.  Increased  press  temperature  gen¬ 
erally  improved  the  modulus  of 
rupture. 

d.  The  above  three  factors  inter¬ 
acted  and  therefore  did  not  effect 
consistent  changes  in  modulus  of 
rupture  depending  on  the  indi¬ 
vidual  treatment  combination 
(Table  4)  concerned. 

e.  Increased  platen  pressure  (sp. 
gr.)  used  in  cycles  2  and  3  pro¬ 
duced  significantly  stronger 
boards  regardless  of  additives, 
pH  condition,  and  press  tem¬ 
perature. 

Specific  gravity:  Pressure  cycles 
had  the  most  important  effect  oa  the 


_  y-X.-9-^s. 

Unclassified  Fiber  Ground  from  Steamed  Chips 

Figure  2. — Four  diameter  enlorgemenU  of  fiber  silhouettes! 
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specific  gravity  attained  by  the  boards 
regardless  of  additives,  pH  condition, 
or  press  temperature.  Cycles  2  and  3 
produced  boards  of  comparable  den¬ 
sity,  which  were  more  dense  than  those 
pressed  with  cycle  1  (Table  12).  These 
differences  were  also  reflected  in  the 
water  absorption  and  modulus  of  rup¬ 
ture  analyses. 

Table  12 — INFLUENCE  OF  PRESSURE  CYCLES 
ON  SPECIFIC  GRAVITY 

Cycle  Avg  Sp  Gr 

1  _ _ _ _  _  0.98 

2  _ _ _ _  1.03 

3  _ . - .  1.05 

Least  significant  difference:  0.04. 

Smaller  differences  in  specific  grav¬ 
ity  were  caused  by  the  different  addi¬ 
tive  treatments.  In  addition,  still 
smaller  variations  in  specific  gravity 
occurred  depending  on  the  pH  condi¬ 
tion,  press  temperature,  and  additive 
combination  involved.  None  of  these 
variations  followed  a  consistent  pat¬ 
tern  and  appeared  to  be  due  to  chance 
since  each  set  of  boards  had  an  equal 
chance  to  be  affected  as  to  specific 
gravity. 

Thickness  swelling:  In  most  cases 
the  thickness  swelling  (Table  5) 
values  appeared  to  follow  the  changes 
effected  in  water  absorption. 

Moisture  content  at  test:  Neither 
the  additive  treatments  nor  pH  condi¬ 
tion  appeared  to  have  a  uniform  effect 
on  the  equilibrium  moisture  content 
reached  by  the  boards.  Increased  press 
temperature  seemed  to*  reduce  the 
E.M.C. 

Fiber  pH  before  and  after  press¬ 
ing:  If  left  uncontrolled,  the  fiber 
pH  was  generally  lowered  during  hot- 
pressing.  When  controlled,  fiber  pH 
remained  almost  constant  through  the 
pressing  schedule.  Table  5  also  shows 
that  the  resin  binder  (pH  of  10.0)  is 
largely  responsible  for  raising  the  pH 
of  the  fiber-additive  mixture. 

Conclusions  and  Recommendations 

The  following  conclusions  and  rec¬ 
ommendations  may  be  drawn  from 
this  study: 

Lodgepole  pine  chips  which  had 
been  steamed  prior  to  grinding  pro¬ 
duced  a  fiber  which,  under  the  same 
conditions,  made  stronger  boards  than 
did  fiber  ground  from  raw  chips.  Fur¬ 
thermore,  the  steamed  fiber  appeared 
to  make  more  efficient  use  of  a  wax 
emulsion  added  to  improve  water  re¬ 
sistance. 

From  the  water-resistance  study  on 
steamed  fiber,  pH  control  of  the  fiber- 
additive  mixture  had  a  definitely  bene¬ 
ficial  effect  on  water  ab.sorption;  but 
usually  reduced  the  strength  of  the 
boards,  depending  on  the  additives 
used.  , 

An  increase  of  press  temperature 
from  320  deg  F  to  400  F  generally 
improved  board  strength,  but  any  in¬ 


crease  in  water  resistance  was  depend¬ 
ent  on  the  additives  used. 

Of  the  supplementary  additives 
used  for  lower  water-absorption  values, 
the  waxes,  as  a  group,  performed  bet¬ 
ter  than  did  the  rosin  sizes.  In  spite 
of  the  small  sample  size  used  for  the 
water  absorption  tests,  boards  which 
contained  both  wax  emulsions  and  the 
solid  wax  came  very  close  to  meeting 
the  standards  previously  cited,  when 
pressed  at  400  deg  F  with  the  pH 
controlled. 

Although  the  results  of  laboratory- 
scale  experiments  cannot  be  directly 
translated  into  the  expected  results 
from  a  commercial-size  operation  with¬ 
out  further  study,  the  results  presented 
here  show  that  lodgepole  pine  can  be 
a  promising  new  source  of  raw  mate¬ 
rial  for  dry-formed  hafdboard. 

APPENDIX 

Summary  Tables  of  Statistical  Data 

The  following  tables  show  the  num¬ 
ber  of  degrees  of  freedom  and  sig- 
nicant  effects  obtained  by  the  analysis 
of  variance  calculations. 
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Toble  A — RAW  VS. 


Property  Analyzed 


Cause  of  Variation 


Degrees  of 
frf^om 


Modulus  of  rupture . . 

2 

S 

Type  of  fiber 

1 

S 

Treatment  x  fiber  type 

2 

NS 

Experimental  error 

48 

... 

Water  absorption.  _ 

_ Additive  treatment 

2 

NS 

Type  of  fiber 

1 

NS 

Treatment  x  fiber  type 

2 

S 

Experimental  error 

48 

... 

Specific  gravity _ _ _ 

_ _ Additive  treatment 

2 

S 

Type  of  fiber 

1 

NS 

Treatment  x  fiber  type 

2 

NS 

Experimental  error 

48 

... 

•S  denotes  a  significant  difference  between  average  values  while  NS  denotes  no  significant  effect  al  a 
significance  level  of  95  per  cent. 


Table  B — WATER-RESISTANCE  IMPROVEMENT  STUDY  OF  BOARDS  MADE  WITH  STEAMED  FIBER 

Degrees  Water  Modulus 

of  absorp-  of  Specific 

Cuase  of  variation  freedom  tion  rupture  gravity 

Additive  treatment . . . . .  -  7  NS**  S**  S*'' 

Pressure  cycles . . . - . .  2  S  S  S 

Press  Temp - 1  NS  S  NS 

pH  condition- - - 1  S  S  NS 

Treat.  X  P.C.* . - . - .  14  NS  NS  NS 

Treat.  X  temp . - . - .  7  S  NS  NS 

Treat,  x  pH _ 7  S  S  S 

P.C.  X  temp . . . . . . .  -  2  NS  NS  S 

P.C.  xpH . . 2  NS  NS  NS 

Temp.  X  pH.. . 1  NS  NS  S 

Treat.  X  P.C.  X  temp _ _ 14  NS  NS  NS 

Treat.  X  P.C.  X  pH. . 14  NS  NS  NS 

Treat.  X  temp.  X  pH . 7  NS  S  NS 

P.C.  X  temp.  X  pH - -  2  NS  NS  NS 

Between  boarda _  14  S  NS  NS 

Experimental  error. . 192  —  — 

*Prei!sure  Cycles. 

**S  denotes  a  significant  difference  between  average  values  while  NS  denotes  no  significant  effect  a  a 
significance  level  of  95  per  cent. 
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Properties  of  Wood 


Some  Chemical  and  Plastic  Properties  of  Western 

Red  Cedar  Butt  Rot* 

H.  MacLEAN  and  J.  A.  F.  GARDNER 

Vancouver  Laboratory  of  the  Forest  Products  Laboratories  Division,  Forestry  Branch, 

Department  of  Resources  and  Development,  Ginada 


Western  red  cedar  cubical  butt  rot  has  been  tested  as  a  sub¬ 
stitute  for  walnut  shell  flour  currently  used  as  a  filler  in  plywood 
glues.  It  was  found  that  the  butt  rot  contributed  to  the  glue-line 
strength,  being  an  extender  and  not  just  a  filler.  However,  its  use 
caused  the  development  of  very  high  viscosities  in  the  resin  mixture. 
Attempts  to  prevent  the  high  viscosity,  which  would  cause  difficulty 
in  spreading  the  glue,  by  the  use  of  dispersing  agents  and  caustic 
pre-cooks  were  unsuccessful.  Chemical  studies  on  the  butt  rot  pro¬ 
vided  strong  evidence  that  it  was  an  isolated  lignin — produced  by 
the  preferential  fungal  decay  of  lignocellulose— — and  indicated  that 
its  high  alkali  solubility  and  reactivity  were  due  to  its  high  content 
of  phenolic  hydroxyl  groups.  It  was  found  that  the  alkali-soluble 
portion  (up  to  65  percent  of  the  dry  weight)  of  the  butt  rot  would 
co-polymerize  with  synthetic  phenol-formaldehyde  resin.  Also,  it 
was  found  that  this  portion  of  the  butt  rot  could  be  substituted 
directly  for  50  percent  of  the  phenol-formaldehyde  resin  normally 
used,  to  produce  plywood  glues  which,  on  the  basis  of  this  labora¬ 
tory  experiment,  were  equal  in  viscosity,  strength,  and  durability 
characteristics  to  the  two  commercial  glues  used  for  purposes  of 
comparison  in  this  test. 


The  western  Canadian  plywood 
industry  mainly  manufactures  ex¬ 
terior  grade  Douglas  fir  plywood, 
using  as  an  adhesive  a  phenol-formal¬ 
dehyde  resin  and  a  walnut  shell  flour 
filler.  The  walnut  shell  filler  serves 
mainly  to  adsorb  the  resin  and  retain 
it  in  the  glue-line  until  the  hot  press 
cycle  is  completed  as  well  as  to  reduce 
glue-line  costs  by  dilution  of  the  resin. 
Another  filler  of  the  same  type,  i.e., 
mainly  cellulosic  in  character,  ground 
oat  hulls,  is  now  coming  into  use. 
Several  other  cellulosic  fillers,  e.g., 
ground  rice  hulls,  and  ground  cedar 
bark,  have  been  tested  previously  in  an 
attempt  to  find  a  local  source  of  a  suit¬ 
able  filler  but  have  been  found  to  be 
slightly  inferior  to  walnut  shell  flour. 

The  use  of  the  brown  rot  from 
Douglas  fir  in  the  preparation  of  a 
binder  for  fiberized  mill  waste  (1)  in 
a  pilot  plant  in  the  State  of  Washing¬ 
ton  several  years  ago  drew  attention  to 
the  possible  usefulness  in  plastics  of 
certain  decayed  wood  residues.  When 
wooil  substance  is  decayed  by  a  brown 
rot  the  carbohydrate  components  are 
prctcrentially  attacked  and  the  lignin 
portion  accumulates.  In  the  terminal 
stagi  of  this  type  of  decay  one  might 
expat  a  residue  which  is  largely  lignin 
and  I  nee  it  has  been  isolated  by  enzy¬ 
matic  action,  one  that  possibly  retains 
a  lari^e  measure  of  any  original  reac¬ 
tivity  . 

‘  A  'ntributed  article. 

JOl’KNAL  of  FPRS 


The  modern  theory  of  the  structure 
of  lignin  (2)  as  it  exists  in  the  wood, 
namely,  that  it  is  a  very  reactive  poly¬ 
mer  of  propylphenols,  indicates  that  it 
should  be  compatible  and  enter  into  a 
co-polymerization  with  synthetic 
phenol-formaldehyde  resin.  Thus  it 
was  thought  that  a  filler  consisting  of 
an  isolated  lignin  which  still  retains  a 
substantial  measure  of  its  reactivity  in 
situ  should,  when  combined  with 
phenol-formaldehyde  based  adhesives, 
contribute  to  the  glue-line  strength, 
i.e.,  act  as  an  extender  as  well  as  a 
filler. 

It  seemed  desirable  to  test  a  mate¬ 
rial,  available  locally,  which  is  the 
product  of  biological  decay  of  ligno- 
cellulosic  material  and  which  might 
prove  to  be  a  reactive  lignin  residue. 
Western  red  cedar  cubical  butt  rot,  a 
typical  brown  rot  residue  which  re¬ 
sults  largely  from  the  action  of  Poria 
(tsiatica  (3),  is  at  present  a  waste 
nuisance  at  mills  cutting  cedar.  Many 
of  the  mature  and  over-mature  trees, 
particularly  in  the  interior  of  British 
Columbia,  contain  a  large  core  of  this 
easily  powdered  brown  material. 

This  report  describes  a  laboratory 
investigation  of  this  material  as  a  sub¬ 
stitute  for  walnut  shell  flour  in  the 
formulation  of  exterior  grade  plywood 
glues  and,  in  addition,  results  obtained 
in  the  substitution  of  the  alkali  sol¬ 
uble  portion  of  cedar  cubical  butt  rot 


for  a  part  of  the  phenol-formaldehyde 
resin  itself. 

Method 

Materials:  Cedar  cubical  butt  rot 
(CBR)  samples  were,  collected  over  a 
one-day  period  at  a  local  shingle  mill, 
combined,  dried  at  room  temperature, 
ground  in  a  Wiley  mill  to  pass  a  1 
mm.  screen  and  powdered  in  a  pebble 
mill  until  it  all  passed  a  325  mesh 
screen. 

Commercial  grade  walnut  shell  flour 
(WSF)  and  phenol-formaldehyde 
resins  from  two  manufacturers  were 
obtained  at  a  plywood  mill. 

Chemical  studies:  The  butt  rot 
was  analyzed  by  standard  TAPPI 
methods  for  lignin,  cellulose,  and 
various  solubilities  to  obtain  some  ini¬ 
tial  confirmation  of  suppositions  about 
its  nature  and  possible  usefulness. 
After  it  had  been  found  to  have  inter¬ 
esting  plastic  possibilities  in  the  initial 
tests,  it  was  examined  more  fully  by 
elementary  and  methoxyl  analysis, 
methylation  studies,  etc.,  in  an  attempt 
to  determine  its  relation  to  the  original 
lignin  and  possible  ways  of  improving 
its  properties. 

Glue  preparation:  The  standard 
glue  formula  recommended  by  the 
resin  manufacturers  was  followed,  the 
same  proportions  of  the  CBR  as  of 
WSF  being  used.  In  order  to  avoid 
lumping,  it  was  found  necessary  to 
dust  the  CBR  into  a  mixture  of  the 
other  ingredients  with  stirring. 

Glue  Formula 

8  g.  NaOH 
70  G.  HjO 
50  g.  WSF  or  CBR 
10  G.  Na.COa 
250  g.  resin  (42%  solids) 

(l^  g.  stove  oil) 

The  small  amount  of  stove  oil  nor¬ 
mally  added  in  industrial  practice  to 
control  foaming  was  unnecessary  in 
this  work  and  was  omitted. 

Testing 

Four-ply  plywood  test  panels,  41/2" 
X  lyi",  were  prepared  from  I/3" 
rotary  birch  straight-grained  veneer 
with  glue  spread  at  48  lb./ 1000  sq.  ft. 
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of  double  glue-line  and  pressed  at  180 
p.s.i.  and  285°  F.  for  five  minutes. 
For  testing,  the  panel  was  cut  into 
three  pieces  1"  x  4^"  as  shown 
below. 


The  additional  two  outside  veneers 
were  found  necessary  to  counteract  the 
splitting  effect  caused  by  the  distortion 
of  the  specimen  at  high  tensions  when 
only  two  veneers  are  used.  Preliminary 
experiments,  using  a  cross-banded 
three-ply  layup,  were  unsatisfactory 
owing  to  the  high  percentage  failure 
of  the  cross-band  during  test. 

All  the  specimens  were  tested  in  a 
Universal  type  testing  machine  with 
in-line  grips  loaded  at  the  rate  of 
0.105  inch  per  minute. 

The  durability  test  consisted  of  a 
four-hour  immersion  of  test  specimens 
in  boiling  water,  drying  20  hours  at 
145°  F.,  followed  by  another  four- 
hour  immersion  in  boiling  water.  The 
excess  moisture  was  sponged  off  and 
the  specimens  tested  while  wet  (Wet 
Tension  Shear). 

Caustic  extraction  CBR:  When  it 
was  found  that  the  CBR  contributed 
to  glue-line  strength  but  its  use  caused 
the  development  of  excessive  high  vis¬ 
cosities,  means  of  removing  this  diffi¬ 
culty  were  sought  without  success. 
These  included  addition  of  various  dis¬ 
persing  agents  and  cooking  with 
caustic.  Since,  on  the  basis  of  the 
chemical  studies,  it  seemed  probable 
that  the  alkali  soluble  portion  of  the 
CBR  would  be  largely  phenolic  and 
thus  be  the  portion  contributing  to 
the  adhesive  strength  of  the  glue  mix¬ 
tures,  a  short  investigation  of  the  pos¬ 
sibility  of  using  this  fraction  as  a  sub¬ 
stitute  for  the  phenol-formaldehyde 
resin  itself  was  made.  Accordingly, 
aqueous  alkaline  extracts  of  CBR  were 
prepared,  concentrated  and  substituted 
in  the  glue  formula  for  varying  per¬ 
centages  of  the  phenol-formaldehyde 
resin  solids. 

Results  and  Discussion 

A.  Chemical  Studies:  The  results 
of  analytical  work  on  the  cedar  cubi¬ 
cal  butt  rot  arc  given  in  Table  I. 

Table  I — ANALYSIS  OF  BROWN  CEDAR 
CUBICAL  BUTT  ROT 


Lignin - - 73.8 

Holocellulose _ 8.9 

Cellulose.. .  -  8.1 

Solubility;  1%  sodium  hydroxide  6.5.3 

alcohol -benzene _  9.1 

ether .  0.7 

hot  water _ _  10.6 


Carbon . . 

Nitrogen . - 

Ash... . . 

Screen  analysis... 
Apparent  density. 
Actual  density _ 


.  .59.8 


'  0.26 
1.73 

100%  through  325 
0.27  gm/cc 
1.46gm/cc 


The  high  lignin  and  low  holocellu¬ 
lose  and  cellulose  results  indicate  the 
possibility  that  the  cedar  cubical  butt 
rot  was  mainly  lignin,  at  least  in  ori¬ 
gin.  This  possibility  is  also  supported 
by  the  high  carbon  content,  59.8  per¬ 
cent,  as  compared  to  approximately  50 
percent  for  sound  cedar  wood  and  62 
to  64  percent  for  lignins  isolated  in 
the  laboratory. 

The  nitrogen  and  ash  values  indi¬ 
cate  low  protein  and  mineral  con¬ 
tamination. 

It  is  apparent  from  the  high  solu¬ 
bility  in  dilute  sodium  hydroxide  and 
the  low  cellulose  content  that  the 
"lignin”  is  largely  in  a  freed  condi¬ 
tion  either  as  a  result  of  cleavage  of 
possible  lignin-carbohydrate  bonds  in 
the  original  wood  or  of  physical  re¬ 
lease  through  destruction  of  the  cellu¬ 
lose.  The  former  process  would  be 
accompanied  by  the  release  of  phe¬ 
nolic  hydroxyl  groups  which  would 
contribute  to  alkali  solubility. 

Phenolic  hydroxyl  groups  might 
also  be  formed  by  cleavage  of  the 
lignin  polymer  itself  and  by  the  de- 
methylation  of  methoxyl  groups.  The 
splitting  off  of  methoxyl  groups  is 
known  to  be  the  first  step  in  the  slow 
transformation  of  the  lignin  by  micro¬ 
organisms  in  decaying  plant  life  (4). 
The  increase  in  phenolic  hydroxyl 
groups  consequent  on  this  process  and 
those  mentioned  above  would  cause 
high  alkali  solubility  and  greater  re¬ 
activity  as  a  phenolic  type  resin  mate¬ 
rial.  Mild  oxidation  which  might  be 
expected  to  occur  also  would  lead  to 
greater  alkali  solubility  through  car¬ 
boxyl  group  formation,  but  would 
tend  to  detract  from  the  material’s  re¬ 
activity  and  lower  its  compatibility 
with  phenolic  resins.  Accordingly, 
after  initial  experiments  indicated  that 
the  CBR  actually  contributed  to  the 
glue-line  strength  when  substituted 
for  WSF  in  plywood  glue,  its  content 
of  phenolic  and  carboxylic  hydroxyl 
was  estimated  by  means  of  methyla- 
tions  and  methoxyl  analyses.  The  re¬ 
sults  are  reported  in  Table  II.  In 
spite  of  the  known  impurity  of  the 
material  studied  here,  it  is  of  interest 
to  compare  the  results  with  those  ob¬ 
tained  on  an  "isolated”  lignin  such 
as,  for  example,  native  lignin  (black 


spruce)  by  Brauns  (5)  and  draw 
some  tentative  conclusions: 

If  the  action  of  the  decaying  or¬ 
ganisms  resulted  only  in  the  destruc¬ 
tion  of  the  carbohydrate  portion  of 
the  wood,  the  content  of  phenolic 
hydroxyl  obtained  would  be  low  and 
certainly  not  greater  than  the  approxi¬ 
mately  2  percent  found  for  isolated 
conifer  lignins,  such  as  alkali  lignin, 
cuproxam  lignin,  and  native  lignin. 
The  more  than  two-fold  gain  indi¬ 
cated  by  the  results  suggests,  hov  - 
ever,  that  the  lignin  has  undergone 
cleavage  reactions  resulting  in  new 
phenolic  hydroxyl  groups.  The  lo  v 
methoxyl  content  of  the  butt  rot  an  1 
of  the  Klason  lignin  obtained  fro  i 
it,  9.8  and  11.5  percent  respective!  , 
as  compared  to  the  14.5  to  16  percei  t 
which  would  be  obtained  in  a  norm,  1 
lignin  preparation,  indicates  that  son  e 
of  the  new  phenolic  hydroxyls  aie 
due  to  demethylation  of  methox  l 
groups.  That  they  are  mainly  due  to 
this  process  is  suggested  by  the  fa  t 
that  phenolic  hydroxyl  content  ob¬ 
served  by  methylation  analysis,  4.4  pc  -- 
cent,  corresponds  roughly  to  the  3  9 
percent  which  may  be  calculated  fro:n 
the  methoxyl  content  by  assuming  tnc 
material  is  partially  demethylated  n.i- 
tive  lignin  and  making  corrections  for 
contamination  with  holocellulose  and 
ash. 

It  would  be  of  considerable  interest 
to  determine  whether  the  cleavage  of 
methoxyl  groups  is  the  only  major 
change  in  the  lignin  brought  about  by 
the  action  of  a  brown  rot.  Some  evi¬ 
dence  has  been  presented  in  the  litera¬ 
ture  (6-8)  that  this  is  so.  An  investi¬ 
gation  designed  to  provide  proof 
would  involve  the  preparation  of 
brown  rot  under  carefully  controlled 
conditions,  purification  by  removal  of 
extractives  and  residual  carbohydrate, 
and  extensive  chemical  studies  beyond 
the  scope  of  this  investigation.  Since 
this  work  was  completed,  the  results 
of  an  extensive  analytical  study  of  ihe 
controlled  decay  of  spruce  wood  by 
four  brown-rotting  fungi  have  ban 
published  by  Apenitis,  Erdtman,  .md 
Leopold  (9).  Their  results  sug^  st 
that  the  lignin  accumulated  by  'he 
preferential  decay  process  undergoes 
depolymerization  as  well  as  demeth;  ia- 


Table  II — METHYLATION  STUDIES 


(Result  in  per  cent  of  moisture-free  material) 


Methoxyl  Contents 

Original  material  (a) _ _ _ 

A  methylated  with  diazomethane  (B) _ 

B  methylated  with  dimethyl  sulfate . . . 

A  methylated  with  diazomethane  and  then  saponified. 
Klason  lignin  of  A _ _ _ _  _ _ _ 

Calculated  Hydroxyl  Contents 

Total. . . . 

Alcoholic . . . . . 

Phenolic . . . . . . . . 

Carboxylic _ _ 

Phenolic  (calculated  from  methoxyl  content  of  9.8%) 


CBR 

Native  Ligi  .t 

(Black  sprurt  .i ) 

9.80 

14.8 

18.2 

21.4 

30.3 

30.3 

17.2 

. 

11.5 

15.2— 16. • 

13.0 

8.2 

'e'i 

4.4 

2.0 

0.4 

.... 

3.9 

_ 
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Table  V — STRENGTH  TESTS  USING  CECR 


Staedard 


C EC  R  Formation 


Mlxin(l  Data 

NaOH _ _ 

HjO . . . 

NajCO, . . 

Glufil  (Walnut  Shell). 

Reain  (42%  solida) _ 

CECR  (33.37c  solids). 

Presainft  Data* 


Pressure. 

Time.... 


Teatinit  Data*’ 

Dry  Tension  Shear,  p.s.i 
Wood  Failure,  per  cent. 


Wood  Failure,  per  cent. 


Forumlation 

507c 

60% 

3.2  g. 

3.2  g. 

3.2  g. 

28  g. 

18  g. 

•  12  g. 

4  g. 

4  g. 

4  g. 

20  g. 

20  g. 

20  g. 

100  g. 

50  g. 

40  g. 

60  g. 

76  g. 

285°F. 

28,5°F. 

285°F. 

200  p.s.i. 

200  p.s.i. 

200  p.s.i. 

6)^  min. 

7H  niin. 

7H  nt' 

780  (10)'’ 

799  (13) 

8.52  (5) 

37 

40 

33 

465  (26) 

453  (32) 

472  (11) 

32 

39 

80 

"Specimens  consisted  of  a  4-ply  laminate  of  straight-grained  rotary  birch  veneer  spread  at  56  Ib.M 
double  glue-line. 

'’Numbers  in  parenthesis  represent  number  of  specimens  tested. 

•■The  increase  in  strength  of  these  test  specimens  over  previous  tests  is  due  to  the  selection  of  only  straight¬ 
grained  yellow  birch  veneer. 


tion  reactions  to  an  extent  dependent 
o:i  the  fungus  used. 

The  history  of  the  CBR  is  not 
k  ’.own.  While  believed  to  be  largely 
tiie  result  of  the  action  of  Poria  asi- 
.,  'ica  (3),  one  would  expect  that  the 
1  )rmation  process  was  assisted  to  some 
extent  by  other  decaying  organisms 
.l  id  oxidation,  at  least  in  the  terminal 
sr  iges. 

The  low  value  obtained  for  car¬ 
boxylic  acid  content  (0.4%)  cannot 
be  taken  alone  as  an  indication  that 
liitle  oxidation  had  occurred,  since 
a>  ids  of  low  molecular  weight  may 
luve  been  produced  and  leached  away 
before  analysis.  However,  if  extensive 
oxidation  or  other  degradation  had 
(Kcurred,  one  could  not  expect  such  a 
high  figure  for  aliphatic  hydroxyl  con¬ 
tent  as  8.2  percent.  The  most  that 
could  be  accounted  for  by  contami¬ 
nating  carbohydrate  material  would 
be-  about  3  percent,  which  leaves  5 
percent  as  due  to  the  remaining  lignin 
residue. 

B.  Extender  studies:  In  initial  ex¬ 
periments,  substituting  CBR  for  WSF 
in  the  glue  formula,  it  was  found  that 
the  high  alkalinity  of  the  resins  caused 
extensive  swelling  of  the  CBR  parti¬ 
cles,  which  resulted  in  the  glues  being 
too  viscous  to  spread.  For  test  pur¬ 
poses  it  was  necessary  to  dilute  the 
mixes  with  varying  amounts  of  water. 
Results  of  tests  made  with  two  com¬ 
mercially  available  synthetic  resins  (A 
and  B)  recommended  for  plywood 
manufacture  are  reported  in  Table  III. 

The  test  results  (Table  III)  of  the 
glues  with  CBR  in  them,  in  spite  of 
the  aqueous  dilution  required,  were 
equal  to,  or  better  than,  those  of  the 
standard  glues,  providing  the  extra 
water  used  was  not  sufficient  to  cause 
steam  lines  (last  line.  Table  III). 

The  lower  wood  failure  and  some¬ 
what  higher  strength  tests  with  resin  B 
were  due  in  part  to  the  better  grade 
veneer  used. 

To  illustrate  the  effect  of  the  CBR 
on  the  viscosity,  some  relative  vis¬ 
cosity  results  estimated  with  a  Mac- 


Michael  Viscosimeter  are  given  in 
Table  IV. 

Table  IV — VISCOSITY  OF  VARIOUS 
GLUE  MIXES 

Approximate 


viscosity 
25°  C. 

Glue  Filler  (centipoises) 

WSF _ 600 

CBR - 45,000 

CBR  (50  ml.  HjO  additional) _  9,000 


Attempts  to  overcome  this  viscosity 
problem  by  the  addition  of  various 
dispersing  agents,  such  as  Sodium  Pal- 
conate,  Marasperse  CB,  and  Mara- 
sperse  N,  were  made.  While  they  car¬ 
ried  out  their  function  very  well  as 
long  as  the  pH  was  below  7,  at 
higher  pH’s,  as  in  the  glues,  no  dif¬ 
ference  from  control  samples  could  be 
noted. 

The  possibility  exists,  of  course, 
that  the  butt  rot  could  be  used  ex¬ 
tensively  in  the  formulation  of  phe¬ 
nolic  moulding  powders  where  vis¬ 
cosity  problems  would  not  be  en¬ 
countered. 

Caustic  extract  studies:  Caustic  ex¬ 
tract  of  the  cedar  rot  (CECR)  was 
prepared  by  extracting  tbe  CBR  with 
aqueous  1.5  percent  hot  sodium  hy¬ 
droxide  at  a  pH  of  12.2.  After  cen¬ 
trifuging,  the  extract  was  evaporated 
to  33.3  percent  solids.  Preliminary 
work  showed  that  this  concentrate  re¬ 
acted  readily  with  formaldehyde,  since 
a  heavy  gel  was  formed  after  cooking 


for  one-half  hour  with  formaldehyde 
and  no  reaction  was  obtained  without 
formaldehyde. 

When  the  CECR  extract  was  sub¬ 
stituted  directly  for  50  and  60  percent 
of  the  resin  solids  in  a  standard  weath¬ 
erproof  plywood  adhesive,  the  results 
given  in  Table  V  were  obtained. 

The  adhesive  resulting  from  the  use 
of  60  percent  CECR  solids  based  on 
the  resin  solids  showed  an  increase 
in  viscosity  to  a  degree  where  spread¬ 
ing  was  becoming  difficult. 

It  is  apparent  from  the  above  re¬ 
sults  that  the  alkali  soluble  portion  of 
cubical  cedar  butt  rot  (CECR)  is  suffi¬ 
ciently  reactive  to  co-polymerize  with 
phenol-formaldehyde  and  may  be  sub¬ 
stituted  for  at  least  50  percent  of  the 
phenol-formaldehyde  in  a  plywood 
glue.  Use  of  a  phenol-formaldehyde 
resin  manufactured  specifically  for 
use  with  CECR  (i.e.,  of  lower  vis¬ 
cosity)  would  undoubtedly  lead  to 
even  better  results. 

To  determine  the  alkali  requirement 
and  the  yield  of  the  alkali  soluble  por¬ 
tion  of  the  CBR,  a  sample  was  slur¬ 
ried  with  water  and  sodium  hydroxide 
added  until  the  pH  rose  from  4.4  to 
12.0.  The  mixture  was  heated  to  boil¬ 
ing,  centrifuged,  and  washed  twice 
with  hot  water.  Thus  it  was  found 
that  the  CBR  required  15.6  percent 
of  its  weight  of  sodium  hydroxide  to 
produce  soluble  solids  in  a  yield  of 
54  percent.  The  final  pH  of  the  alka¬ 
line  extract,  together  with  the  two 
washings,  was  11.2. 


Table  III — STRENGTH  TESTS  OF  PLYWOOD  USING  CBR  AND  WSF  AS  FILLERS 


Conclusion 


Aqueous 

Dilution 

(cc.) 


Resill  \ 

CBK 

.50* 

WSI 

CBh 

. .  75* 

Resl'  B 

CBU 

_  70« 

WSI- 

CBK 

100* 

Dry  Tension 

Wood 

Wet  Tension 

Wood 

Shear 

Failure 

Shear 

Failure 

(p.s.i.) 

% 

(p.s.i.) 

% 

612  (24)'’ 

67 

407 

51 

.596 

82 

382 

40 

.530 

66 

327 

42 

693  (20)'’ 

11 

429 

22 

697 

5 

364 

11 

365  « 

2 

125 

10 

It  is  apparent  from  the  chemical 
and  utilization  studies  reported  herein 
that  the  brown  cubical  butt  rot  of 
widc'Spread  occurrence  in  western  red 
cedar,  and  an  industrial  nuisance,  is 
of  potential  use  in  the  plywood  and 
plastics  industry  as  a  substitute  for 
some  of  the  phenol  used  in  adhesives 
and  moulding  powders.  The  results  of 

(Continued  on  puge  72) 


'espitp  inrrease  in  liquid/solid  ratio  (12.9  per  cent  water  extension)  spread  was  maintained  at  4H 
le./l  0  sq.  ft.  of  double  glue-line.  The  amounts  of  water  shown  were  added  to  a  total  glue  weight  of  333  gms. 
'rength  test  results  are  the  average  of  12  specimens,  except  where  the  number  is  shown  in  brackets, 
'••am  lines  developed  in  the  gluc’-line  causing  the  low  results. 
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Effect  of  Heat  on  the  Properties  and  Chemical 
Composition  of  Douglas-Fir  Wood  and 
Its  Major  Components' 

R.  L.  MITCHELL,  R.  M.  SEBORG,  and  M.  A.  MILLETT 

Chemists,  Forest  Products  Laboratory,*  Forest  Service,  U.  S.  Department  of  Agriculture 


The  effect  of  heat  on  the  properties  and  chemical  composition 
of  Douglas-fir  cross  sections  and  sawdust  free  from  extractives,  and 
the  lignin,  alpha-cellulose,  and  hemicellulose  isolated  from  the  saw¬ 
dust  was  investigated.  The  materials  were  heated  at  different  tem¬ 
peratures  for  different  lengths  of  time  in  a  closed  system  under 
pressure  and  in  an  open  system  with  and  without  circulation  of  air 
or  nitrogen. 

Variations  in  the  heating  conditions  not  only  affected  the 
chemical  composition  of  the  volatile  products  and  the  residue,  but 
also  affected  the  hygroscopic  and  dimensional  change  properties  of 
the  residue  considerably. 


Introduction 

IMENSIONAL  STABILIZATION  of 
wood  by  heat  is  believed  to  be 
caused  by  chemical  changes  that  oc¬ 
cur  in  the  wood  when  it  is  heated  other 
than  formation  of  ether  linkages 
(8).®  In  order  that  the  complete  mech- 
ansim  of  these  changes  can  be  made 
clear,  more  data  on  the  chemical  analy¬ 
sis  of  wood  heated  under  different  con¬ 
ditions  are  needed. 

In  this  work,  Douglas-fir  cross  sec¬ 
tions  and  sawdust  and  the  lignin, 
alpha-cellulose,  and  hemicellulose  iso¬ 
lated  from  the  sawdust  were  subjected 
to  various  conditions  of  heating.  Anal¬ 
yses  were  made  to  determine  the  effect 
of  the  treatment  on  the  chemical  com¬ 
position  of  the  volatile  products  and 
the  residue  and  on  the  hygroscopic  and 
dimensional-change  properties  of  the 
residue. 

Procedure 

Preparation  of  the  Wood:  The 
heartwood  of  Douglas-fir*  used  in 
these  studies  was  extracted  with  an 
alcohol -benzol  mixture  and  with  hot 
water  to  remove  the  extractives.  Cross 
sections  used  in  the  dimensional- 
change  studies  were  3/16  inch  thick 
in  the  fiber  direction,  1%  inches  in 

*  Part  of  this  research  was  done  in  coopera¬ 
tion  with  the  Office  of  Naval  Research,  Navy 
Department  under  order  No.  NAonr  42-47. 
Presented  at  the  Cellulose  Div.  meeting  of  the 
Amet.  Chem.  Soc.  in  Milwaukee,  Apr.  1, 
19^2.  A  contributed  article. 

*  Maintained  at  Madison.  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 

*  Underlined  numbers  in  parentheses  refer  to 
Literature  Cited  at  the  end  of  the'  article. 

*  Acknowledgment  is  made  of  the  assistance 
in  the  procurement  of  the  wood  by  personnel 
of  the  Pacific  Northwest  Forest  and  Range  Ex¬ 
periment  Station. 


either  the  radial  or  tangential  direc¬ 
tion,  and  1/^  inch  in  the  other  trans¬ 
verse  direction.  The  sawdust  used  in 
the  chemical-change  studies  was  40  to 
60  mesh  in  fineness. 

Preparation  of  the  Major  Wood 
Components:  Lignin  was  prepared 
from  the  extractive-free  sawdust  by 
treating  with  72  percent  sulfuric  acid 
at  20°  C.  for  4  hours. 

Holocellulose  was  prepared  from 
the  extractive-free  sawdust  by  the  so¬ 
dium  chlorite  method,  according  to 
Wise  (JO). 

Hemicellulose  was  prepared  by 
treating  the  holocellulose  with  24  per¬ 
cent  potassium  hydroxide,  filtering  the 


reaction  mixture,  and  recovering  the 
hemicellulose  from  the  filtrate  by  pr.  - 
cipitating  with  methanol. 

Alpha-cellulose  was  prepared  I  y 
treating  the  holocellulose  residue  re¬ 
maining  after  the  hemicellulose  w,  s 
removed  with  a  17.5  percent  soluticn 
of  sodium  hydroxide,  according  to  t!ie 
procedure  of  Bray  (2). 

Methods  of  Heating  and  Detern  i- 
nation  of  Volatile  Decompositif  n 
Products:  Samples  to  be  heated  un¬ 
der  atmospheric  conditions  were  pre¬ 
viously  oven  dried  at  105°  C.,  and 
those  to  be  heated  under  confined  con¬ 
ditions  were  conditioned  to  equilib¬ 
rium  at  30  percent  relative  humidity. 
Volatile  decomposition  products  were 
collected  only  from  materials  heated 
at  220°  and  300°  C. 

Samples  heated  at  220*  and  300°  C. 
under  atmospheric  conditions  were 
placed  in  a  glass  bulb  of  100-cubic 
centimeter  capacity,  fitted  with  a 
ground-glass  joint  to  which  was  con¬ 
nected  a  glass  tube  leading  to  a  con¬ 
denser  and  an  absorption  train.  Air  or 
nitrogen  was  passed  into  the  bulb 


Figure  1. — Rate  of  formation  of  decomposition  products  and  carbon  dioxide  result  7g 
from  the  heating  of  extractive-free  Douglas-fir  sawdust  at  300°  C.  in  circulating  air  end 
nitrogen  at  atmospheric  pressure. 
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through  a  glass  side  tube  connected  to 
the  bottom  of  the  bulb. 

The  bulb  was  heated  in  an  oil  bath, 
maintained  to  within  2°  C.  of  the  de- 
s  red  temperature.  During  the  heating 
(.f  sawdust  at  300°  C.,  500  to  600 
lubic  centimeters  of  air  or  nitrogen 
ere  passed  through  the  bulb  hourly, 
/ifter  completion  of  the  heating,  the 
I  alb  was  removed  from  the  oil  bath, 
jdd  the  system  flushed  with  1,500 
cubic  centimeters  of  air  or  nitrogen. 
During  the  heating  of  sawdust  and 
major  components  at  220°  C.,  no  air 
was  passed  through  the  bulb.  The 
gases  formed,  however,  were  allowed 
to  pass  into  the  collecting  train.  After 
completion  of  the  heating,  the  bulb 
was  removed  from  the  oil  bath,  and 
the  system  flushed  with  1,500  cubic 
centimeters  of  nitrogen.  Before  enter¬ 
ing  the  bulb,  the  flushing  gases  were 
passed  through  Ascarite  and  Dehydrite 
to  remove  carbon  dioxide  and  water. 
The  nitrogen  was  passed  through  a  so¬ 
lution  of  potassium  pyrogallate  to  re¬ 
move  any  oxygen. 

The  distillates,  consisting  chiefly  of 
water,  acids,  and  tars,  were  condensed 
in  a  water-cooled  condenser  and  col¬ 
lected  in  vials  attached  to  the  conden¬ 
ser  by  ground-glass  joints.  Vapors  not 
condensed  were  passed  through  tubes 
containing  Dehydrite,  and  the  carbon 
dioxide  was  collected  in  tubes  con¬ 
taining  Ascarite.  Weighings  of  the 
products  collected  were  made  at  regu¬ 
lar  intervals  to  determine  the  rates  of 
decomposition. 

Samples  heated  at  220°  C.  under 
confined  conditions  that  allowed  the 
pressure  to  build  up  were  put  in 
weighing  bottles  and  placed  in  a  steel 
bomb  of  150-cubic-centimeter  capacity. 
The  bomb  had  a  bottom  inlet  valve 
and  a  top  outlet  valve.  The  bomb  was 
heated  by  immersing  in  an  oil  bath. 
At  the  end  of  the  heating  period,  the 
bomb  was  removed  from  the  bath  and 
the  top  valve  opened  slightly  to  allow 
the  gases  under  pressure  to  pass 
through  the  absorption  train.  This 
train  consisted  of  tubes  of  Dehydrite 
for  absorbing  moisture  and  other  con¬ 
densates  and  tubes  of  Ascarite  for 
absorbing  carbon  dioxide.  When  the 
pressure  was  released,  2,000  cubic 
centimeters  of  nitrogen  (free  from 
oxygen,  carbon  dioxide,  and  moisture) 
Were  passed  through  the  bottom  valve 
to  flush  out  the  gases  remaining  in  the 
bomb. 

.''amples  heated  at  110°  and  160° 
C.  under  atmospheric  conditions  were 
pla  .  d  in  weighing  bottles  and  heated 
in  .in  electric  oven.  Samples  heated 
at  10°  and  160°  C.  under  confined 
con  Jitions  were  sealed  in  glass  tubes 
and  heated  in  an  electric  oven. 

Determination  of  Moisture  Ad- 
sorj'tion  and  Dimensional  Changes: 
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lablc  1.— A  cowp^scB  of  tte  mom%  of  yUr  and  carboa  dioxlda  <i  by 

h^tlna  axiraetiva-frae  PoaglM-flr  sawdust  at  300’  C.  In  clrcu 
air  ana  nltfogcn  at  afosi^rtc  preasare  for  hours. 


Condi  tlons 
of  heating 


In  air . 

In  nitrogen. 


iWelgbt 

losai 


Percent 


U9.0 

U7.0 


Decfli^MMlUon  produets= 


i  Condennabl*  i  Not  i  i  Exceaa  tRatio  of 

Carboni  dlatillates  taeeountedt  lotal  •  over  mater  to 

dloKldet — — - - —I  for  i  i  weight  t  carbon 

I  Waterl  t  laral  i  i  i  loss  tdloxide 

PeroenttPercent  tPereenti  Percent  tPercent:Peroent  tPCroent 


16.0  I 

I 

7.8  I 


39.6 

31.1 


2.3 

5.2 


2.9 


57.9 

U7.0 


8.9 


2.5 

U.o 


~Based  on  weight  of  uxiheated,  oven-dry  sawdust. 

^Water  plus  other  condensable  distillates  volatile  at  110*  C. 
^Products  not  volatile  at  110*  C. 


Table  2.— A  ccwnarlson  of  the  anount  ef  water  and  carbon  dioalde  obtained  tor 

tteatlna  entraetlve-feee  eawgust  and  its  major  components 
at  220*  C.  U  an  onen  sveten  at  atnospherlc  pressure  and  In  a  closed 
syetem  under  nressure 


Hateriale  and 
conditions  of 
hosting 

:Hentiiig 
:  tine 

woignt 

lossi 

:  Hours 

Percent 

Open  systen 

16 

q.q 

iilcnln . 

:  16 

4.2 

Aiphn-oellulose. . 

:  16 

13.9 

:  2 

23.7 

Closed  system 

4 

15.9 

3.7 

Lignin . 

4 

Alpha-cellulose. . 

4 

37.7 

lemicellulose. . . . 

:30  min. 

43.1 

Lecoapositlon  products^ 

Carbon 

Condensable 

aot  no-iAatlo  of 

dioxide 

dlstillntcs 

oountediwnter  to. 

bet^ 

:  Tnrel 

for 

carbon 

dioxide 

Peroent 

Percent 

: Percent 

Tereent 

0.9 

8.3 

0.4 

0.3 

9.2 

.5 

3.6 

:  0 

.1 

7.2 

1.4 

11.8 

:  0 

.7 

8.4 

7.4 

14.1 

:  .4 

i.a 

1.9 

3.6 

12.1 

.2 

3.4 

1.1 

2.0 

26.0 

22.8 

.7 

1.8 

3.6 

3.2 

1.3 

17.2 

3.1 

*^80004  on  weight  of  unheated,  oven-dry  naterial. 

2 

Water  plus  otner  condensable  llstlllates  volatile  at  llO**  C. 
^Products  not  volatile  at  110*  C. 


Table  3.— Moisture  sAserotion  of  extractive-free  lowlae-fir  eawouat  at  60*  F« 
and  30  and  ^0  nercent  relative  hualditj  after  being  aeated  at 
300*  C.  for  is  hours  In  air  and  in  nitrogen 


Etiuilihrium  moisture  content 

of  — 

fielativc 

rainldlty 

oyeles 

Uoiieated  iaorsialj 
8a%Miust 

Sawdust  heated 
in  air 

.lewcust  heated 

In  nitrogen 

Conditioned  nt  — 

Coadltioned  at  — 

Conditioned  at  — 

90  percent: 30  percent 
relative  :  relative 
humidity  :  humidity 

90  perceat 
relative 
humidity 

30  percent 
relative 
humidity 

90  percent: 30  percent 
relative  :  relative 
humidity  :  humidity 

Percent^ 

Percent^ 

Percent  of 

Percent  of 

Percent  of: 

Percent  of 

normal 

aormei. 

normal 

HSrmal 

1st  cycle . 

21.40 

6.34 

52.7 

85.5 

37.6  : 

30,9 

2nd  cycle . 

21.33 

6.36 

54.5 

89.5 

39.1  : 

53.8 

3th  cycle . 

20.40 

7.03 

59.9 

100.1 

43.9 

62,3 

7th  cycle . 

?0.33 

6.76 

62.1 

110.0 

44.9 

70.2 

10th  cycle.... 

70.20 

6.87 

67.0 

113.7 

49.0 

74.7 

1 

~bascd  on  weight  ef  unheated,  even-dry  sewdust. 
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Moisture  adsorption  and  dimensional 
changes  of  the  material  were  deter¬ 
mined  between  30  and  90  percent  rela¬ 
tive  humidity  after  cyclically  bringing 
the  specimens  to  equilibrium  at  each 
relative  humidity.  The  dimensional 
changes,  relative  to  unheated  controls, 
were  determined  on  adjacently  cut 
cross  sections  in  the  direction  of  great¬ 
est  dimension  (one  section  in  the  ra¬ 
dial  and  one  in  the  tangential 
direction). 

Chemical  Analysis:  Most  of  the 
analytical  procedures,  notably  the  de¬ 
termination  of  ash,  solubility  in 
alcohol-benzol  mixture,  solubility  in 
hot  water,  solubility  in  1 .0  percent 
sodium  hydroxide,  (the  three  solubility 
tests  being  conducted  successively  on 
the  same  sample),  lignin,  pentosans, 
holocellulose,  and  alpha-cellulose,  werc 
according  to  the  methods  of  Bray  (1). 
Methoxyl  was  determined  according  to 
Clark  (2)  and  the  chemically  freed 
carbon  dioxide  according  to  the 
method  using  19.0  percent  hydro¬ 
chloric  acid  (3). 

Results  and  Discussion 

Volatile  Decomposition  Products: 
Figure  1  shows  the  rate  of  formation 
"of  volatile  decomposition  products 
when  sawdust  was  heated  under  atmos¬ 
pheric  conditions  at  300°  C.  for  15 
hours  in  air  and  in  nitrogen.  During 
the  first  4  hours  of  heating,  approxi¬ 
mately  75  percent  of  the  loss  in  weight 
occurred.  The  volatile  decomposition 
products  produced  were  composed  of 
approximately  20  percent  of  carbon 
dioxide  whether  the  sawdust  was 
heated  in  air  or  in  nitrogen.  After  ap¬ 
proximately  4  hours  of  heating,  the 
rate  of  decomposition  became  constant. 
The  amount  of  carbon  dioxide  in  the 
decomposition  products  remained  at  20 
percent  when  the  sawdust  was  heated 
in  nitrogen  but  increased  to  about  30 
percent  when  the  sawdust  was  heated 
in  air  because  the  sample  reacted  with 
oxygen  in  the  air  to  form  carbon 
dioxide. 

The  increase  in  formation  of  carbon 
dioxide  when  the  sawdust  was  heated 
in  air  is  shown  in  table  1,  which  gives 
the  amounts  of  carbon  dioxide  and 
condensable  distillate  obtained  during 
the  heating.  The  loss  in  weight  of  the 
two  samples  was  approximately  the 
same  whether  they  were  heated  in  ni¬ 
trogen  or  in  air.  When  air  was  passed 
over  the  sample  during  the  heating, 
the  weight  of  decomposition  products 
was  8.9  percent  greater  than  the  loss 
of  weight  of  the  sample  because  of  the 
additional  amount  of  carbon  dioxide 
formed  as  the  result  of  the  reaction 
of  the  sample  with  the  oxygen  in  the 
air. 

Table  2  gives  a  comparison  of  the 
amounts  of  distillate  and  carbon  di- 


lablc  h.— of  h««tliwi  on  thg  »ub»xiu«nt  equmbrluw  noiiUirt  content  of  e»tr»ctlT«-fre« 
riourlM-fir  »pecl«en» 


I  LqulUbrluB  Kilsture  content  ol  — 

r^yllihrluB  - - 

matsterc  lUnrwe ted iWood  heated  In  open  aysten  at  —  tWood  heaied  In  eVoaed  systee  at  — 


conditions 

txTiormMli: 
t  wood  : 

:  s 

110*  C., 
6b  days 

1  160*  c., 

1  8  days 

220*  c., 

16  hoars 

110*  c., 
b  days 

110*  L., 
16  days 

160*  C., 
16  hours 

220*  C., 
b  hoar. 

iPeroentlil'ercent  ofiPercent  of 

Percent  of ifaicent  of 

Percent  ot 

Harcont  of 

Percent  of 

1  1 

norwl 

1  norwtl 

nontax 

nomm 

normal 

normal 

nontal 

Condi tionod  at 

:  t 

60*  P.  and  90 

:  t 

percent  relatlvei 

: 

hunidity 

t 

1 

1st  cycle.... 

.1  2l.b0 

83.8 

1  69.2 

56.1 

83.7 

70.6 

b6.3 

b8.2 

2nd  cycle.... 

.:  21.35 

6b.5 

I  71.7 

56.2 

86.3 

73.2 

b7.b 

bS.y 

$th  CyClte.ee 

1  20.b0 

87.0 

I  7b.6 

62.3 

88.8 

76.5 

b9.5 

Su.S 

Conditioned  at 

BO*  r.  and  30 

X 

percent  relatlvei 

huaddity 

1 

t 

1st  cycle.... 

. 1  6.Sb 

89.3 

s  83.7 

72.0 

92.2 

76.2 

51.5 

Sl.b 

2nd  cycle.... 

. :  6.S6 

89.6 

:  6b. 0 

73.8 

91.8 

76.7 

51.b 

50.5 

SUi  cycle.... 

.:  7.05 

90.3 

I  61.2 

77.6 

yb.o 

78.6 

53.  y 

5b.b 

erernt  loss 

Ln  veiKbt  dua  to  haatinAl 

Before 

: 

t 

X 

conditioninf;. . 

1.13 

:  U.?8 

t 

*  U.53 

X 

:  .10 

1  .Uo 

t 

y.05 

lb.36 

T - 

~Qa8ed  on  weight  of  unheated,  oven-dry  apeclmena. 


Table  S.— Effect  of  heating  on  the  ^■enaloaal  chaneea  of  evtractlee-fyoe  DOMkl— -fir  apod— ■  aubjee-vd 
i»  «ub«e-,uent  conditioning  at  80"'  F.  and  30  and  90  pere—t  raintiv*  I— Idlty 


EqulUbriua 

■olsturc 

conditions 


Change  In  dlnaostons  ef  — 


I JnhcatadtV.oovl  heated  in  open  syaten  at  — 
:(nomal)i. 


I  wood  j  no*  C.,  I  160*  C.,  I  220*  C., 
!  t  6U  days  I  B  days  i  16  hoars 


ii ercent-ii ercent  ofilercent  ofiOrcent  of 


nonaal  i  nonaal  i  nomal 


ioed  heated  in  closed  syaten  at  — 


UO*  C., 
b  days 


UO*  C.,  I  160*  fc., 
16  days  t  16  hours 


i^ercent  of  ti^rceat  ef 


nonaal  i  oornal 


220* 
b  hour 


1  I 

Conditioned  at  90  per-t  ■ 

cent  relative  husildltyi  ■ 


haolal  Llnenalons 


1st  cycle . 

82.7 

72.8 

60.2 

86.  y 

70.b 

b3.6 

53.6 

2nd  cycle . 1 

b.06 

83.7 

7b.b 

62.1 

89.2 

71.2 

b8.3 

5b.6 

5th  cycle . .  1 

3.yi 

85.2 

80. 'J 

u6.7 

90.6 

75.6 

51.6 

56.0 

Condltlancd  at  30  per-i 
cant  relative  honldltyi 

1st  cycle . t 

1.27 

8b.O 

01. 1 

71.7 

86.6 

6S.b 

be.9 

53.6 

2iid  cycle . 

1.2b 

85.1 

82.2 

73.0 

06.2 

63.7 

51.2 

51.; 

Sth  cycle... ........1 

1.33 

83.5 

79.b 

73.7 

88.0 

66.6 

52.5 

52.5 

laimntlel  ..'Isanslcn. 

Condi  tloned  at  90  par*i 
cant  ralatlva  bumidityx 

1st  cycle. . I 

7.56 

81.1 

70.6 

62.7 

71.9 

75.3 

bS.2 

52.5 

2nd  cycle.. . ..t 

7.b2 

83.1 

72.6 

65.7 

73.? 

79.b 

b8.S 

5b.o 

5th  cycle.. . ...t 

7.18 

03.5 

77.7 

70.0 

75.2 

82.8 

50.3 

>5.6 

Conditioned  at  30  pcr«i 
cant  ralatita  miaidityi 

1st  cycle.. . .1 

2.09 

78.6 

7y.o 

X 

73.7 

85.2 

89.5 

50.3 

1 

51.7 

2nd  cycle . i 

2.0$ 

81.0 

ei.b 

1 

7S.b 

t 

88.7 

1 

?b.l 

X 

52.6 

X 

52.2 

5th  cycle... ........ 1 

t 

2.U 

81.3 

82.7 

t 

1 

81.8 

t 

I 

89.6 

1 

X 

y7.3 

: 

53.2 

X 

X 

Sb.e 

luaaed  on  dlnauloaw  ef  snheated,  oven-dry  apeclawns. 


oxide  obtained  by  heating  the  wood 
and  its  isolated  major  components  at 
220°  C.  in  open  and  closed  systems. 
The  loss  in  weight  of  all  samples  ex¬ 
cept  lignin  was  greater  when  heated 
for  4  hours  in  the  closed  system  than 
when  heated  for  16  hours  in  the  open 
system.  The  lignin  sample  lost  ap¬ 
proximately  the  same  weight  when 
heated  under  the  two  conditions. 

The  ratio  of  water  (including  other 
distillates  volatile  at  110°  C.)  to  car¬ 
bon  dioxide  was  greatest  in  the  de¬ 
composition  products  obtained  from 
sawdust  and  least  in  the  decomposition 
products  from  hemicellulose.  The  total 
amount  of  volatile  products,  however, 
was  greatest  from  hemicellulose.  The 
ratio  of  water  to  carbon  dioxide  was 
considerably  greater  for  samples  heated 
in  the  open  system  than  for  samples 
heated  in  the  closed  system. 

Moisture  Adsorption  and  Dimen¬ 
sional  Changes:  The  moisture- 


adsorption  properties  of  sawdust 
heated  at  300°  C.  for  15  hours  in  air 
and  in  nitrogen  are  given  in  table  3- 
After  conditioning  at  both  30  and  90 
percent  relative  humidity,  sawdust 
heated  in  nitrogen  had  a  lower  ec|ui- 
librium  moisture  content  than  sawdust 
heated  in  air  (8).  The  percentage  re¬ 
duction  in  equilibrium  moisture  con¬ 
tent  of  the  heated  sawdust  was  i'-ss 
when  the  sawdust  was  conditioncil  at 
30  percent  relative  humidity  than  when 
conditioned  at  90  percent  relanve 
humidity. 

Results  of  repeated  exposures  to 
cycles  of  high  and  low  moisture  ■  on- 
ditions  indicate  that  the  stabiliza’  on 
imparted  to  wood  by  heating  is  no.  as 
permanent  as  was  previously  suspc,  icd 
(9).  Actually,  after  the  fifth  cycle  of 
conditioning  at  30  percent  rela  ive 
humidity,  the  equilibrium  moisture 
content  of  the  sample  heated  in  air 
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labXa  6.— yffeet  of  (waling  on  uw  eubaaquant  «q>imbrluw  wolsture  conunb  oi'  ««vr«cuv«-ir—  .XHmlM-flr 
atAwt  and  Ita  wajor  eoi^ioneiits. 


Hatcrlal  and 
imlttBra 
coBditlao 


Equilibrium  nolaUurt  content  (ararafe  of  teo  cyclea}  of  — 


tUnbaatediNaterial  haated  In  opan  cysten 
i^norraDi  at  — 
tnaterlait- 


t  110*  C.,  I  160*  C., 
I  6li  days  i  8  days 


itarcenttiParoant  ofil^aroaat  of 


Condltloaad  at  90*  F. 
and  90  pareent 
ralatlve  humidity 
^udaat. ......... . 

Ugnln . . . 

llpba-callulaac. . . ■ 
Henleallulose . t  lil.3 

Conditioned  at  60*  F.i 

and  30  parcant  ■ 

ralatlao  humidity  i 

^auduat . i 

URnln . I 

llpha-callulosa 


21.b 

W.3 

22.7 


6.8 

6.ii 

6.7 


. .  11.8 


Sawdust . 

Llfnln . 

llpba>eallnlosa . 
Hanleellulote... 


220*  C., 
16  hours 


Haterlal  haated  In  eloaad  syatea  at  — 


110*  C.,  I  110*  C., 
li  days  I  16  days 


taroent  ofii^reent  of 


1  noiMl 

noiml 

fiemaX 

noiml  1 

noimftl 

normal 

t 

normal 

1 

: 

t  830 

62.0 

S3.3 

s 

1 

> 

1 

t 

1 

t 

77.8  : 

6e.« 

57.8 

1 

s 

f 

1 

b3.3 

1  n.k 

78.2 

Sli.2 

1 

79.9  » 

76.8 

58.0 

t 

b6.6 

I  ^3.k 

B9.h 

,73.0 

t 

76.S  1 

63.S 

57.6 

t 

1  J9.k 

1 

1 

77.0 

£82.0 

t 

1 

t 

100.2  t 

t 

s 

92.2 

t 

t 

7l>.b 

1 

1 

1 

iiu.y 

% 

1  69.6 

76.0 

61.8 

t 

1 

1 

1 

8$.6  < 

73.8 

1 

X 

% 

60.9 

t 

1 

1 

50.6 

1  86.0 

lOO.S 

6b.O 

1 

88.0  I 

86.5 

t 

69.7 

1 

511.9 

1  9k.2 

89.6 

-73.6 

1 

8I1.6  1 

69.2 

t 

58.b 

1 

.6I,.2 

416.8 

1  9b.9  I  72.6  t  ^2.9  i 

Percent  loss  In  welxht  due 

9$.8  ■ 

I.  heatlix^ 

89.6 

t 

ia.6 

t 

.1  1.1> 

1  U.it 

t  9.9 

1 

.3  s 

1.5 

8.6 

t 

15.9 

1.3 

1  7.7 

t  b.2 

t 

.2  t 

2.5 

2.6 

t 

3.7 

•  s  .6 

«  7.3 

:  ,13.> 

1 

.2 

1.2 

: 

9.1 

t 

-37.7 

.»  30 

t 

■  2b.9 

«  £23.7 

t 

1.1  : 

3.U 

1* 

X 

ilt3.1 

16U*  L., 
16  hours 


220*  C., 
b  bours 


laasad  on  wolcht  of  nnhaated,  ov«i>.dr7  sanplas. 
iHanlcalluloae  haated  for  2  hours. 
^Mamlcalluloac  haated  for  one-half  hour. 


“*^^*  ^  ^  ft—  wnrlm^ 


AnalysM 


Coapooltlan  resulting  trem  eendltlens  of  beatli^ 


Open  systen 


•llO*  C., 
•6k  days 


SelablUty  in  aloohol-heagolt  ilu$ 

Solubility  In  bot  water . 

Solubility  in  1.0  Kroent  • 


uviut^. . 

HolooeUiOose . 

Hethoocyl . 

Carbcn  dioxide. 


>.l 


k.6 

.7 


iliSO*  C.,i220*  C., 
8  days  ili6  hours 


Closed  system 


110*  C., 
li  days 


tFcrocnt 

.iPerocBt 

iRercMit 

itavent 

i^roeDt 

iFsroent 

iFcrocnt 

t 

.1  l.k 

U.I1 

9.9 

0.3 

1.5 

8.6 

15.9 

t 

1  1.0 

3.T 

2.0 

.7 

t 

3.1 

f 

I1.7 

1 

3.0 

•  6.0 

1 

7.3 

2.0 

I1.9 

1 

• 

SA 

1 

2.0 

1 

.0 

t 

•  20a 

Ui.k 

9.5 

19.9 

1 

1 

19.5 

1 

13.2 

t 

0.9 

•  *7.3 

23.9 

36.1 

t 

29.il 

32.6 

WO.T 

lik.6 

1  0.0 

3J1 

2.5 

0.7 

7.0 

2.9 

.7 

1  67.2 

i»e.7 

50.7 

«5.5 

61.3 

51.9 

kk.O 

1  20.8 

0 

3li.o 

29.9 

22.1 

17.6 

i  ti.6 

3.8 

k.5 

ii.e 

k.o 

k.6 

k.5 

1  1.0 

1.2' 

.k 

.7 

.6 

.k 

.2 

UO*  C., 
16  days 


160*  C., 
16  hours 


2*0*  C., 
Ii  ' 


■dlesults,  unless  otherwise  specified,  are  for  the  erlglnel  extractlve-frec  wood  and  the  heated  need 
and  arc  based  m  the  weight  of  the  oilginel  extractive-  and  ash-free,  even-dry  wood. 

2 

-For  the  original  unextracted  wood. 

^Heated  material  ra-extracted  with  aleohol-bensol  and  hot  water  before  analysis. 


was  greater  than  that  of  the  unheated 
si'Jiple  (table  3). 

fables  4  and  5  give  the  effect  of 
hi.  it  upon  the  equilibrium  moisture 
cc  itent  and  dimensional  changes  of 
cr  ss  sections  of  Douglas-fir,  which 
w  re  heated  in  open  and  closed  sys- 
tc  IS  at  different  temperatures  and  for 
d  'Ferent  periods  of  time  and  subse- 
qi.mtly  conditioned  at  30  and  90  per- 
ct  it  relative  humidity.  For  compara- 
b.-  weight  losses,  the  reductions  of 
hi  groscopicity  and  dimensional 
cli.inges  were  greater  for  wood  heated 
if  a  closed  system  than  for  wood 
hwited  in  an  open  system  (8).  With 
iiureased  loss  in  weight,  which  in¬ 
creases  with  increases  in  temperature 
and  time  of  heating,  a  corresponding 
reduction  in  the  hygroscopicity  and 
dimensional  changes  of  the  samples  oc¬ 
curred.  There  was  a  slight  increase  in 
hygroscopicity  and  dimensional 
changes  with  increase  in  number  of 
cycles  of  conditioning  at  30  percent 
and  90  percent  relative  humidity,  as 
is  also  shown  in  table  3. 

Table  6  gives  the  effect  of  heat 
upon  the  equilibrium  moisture  content 
of  Douglas-fir  sawdust  and  its  major 
components  when  heated  in  open  and 
closed  systems  at  various  temperatures 
and  for  various  periods  of  time.  The 
losses  in  weight  of  the  sawdust,  lig¬ 
nin,  and  alpha-cellulose  samples  varied 
considerably  from  each  other  for  each 
condition  of  heating.  The  loss  in 
weight  of  hemicellulose  for  each  con¬ 
dition  of  heating,  however,  was  con¬ 
siderably  greater  than  that  of  any  of 
the  other  wood  components.  At  220° 
C.,  the  rate  of  decomposition  of  hemi¬ 
cellulose  was  so  rapid  that  the  time  of 
heating  was  reduced  from  16  to  2 
hours  for  heating  in  an  open  system 
I  and  from  4  hours  to  1/^  hour  for  heat- 
I  ing  in  a  closed  system. 

\  The  hygroscopicity  of  unheated  lig- 
I  nin  and  alpha-cellulose  was  approxi¬ 
mately  the  same  as  that  of  unheated 
:  sawdust  when  conditioned  at  30  or  90 

I  percent  relative  humidity.  The  hygro- 

Iscopicity  of  unheated  hemicellulose, 
however,  was  approximately  twice  as 
great  as  that  of  unheated  sawdust.  The 
;  hygroscopicity  of  the  major  .ompo- 
!  nents  of  wood  was  also  found  to  de¬ 
crease  as  the  loss  in  weight  due  to 
heating  increased. 

rhe  percentage  reduction  of  mois- 
I  ture  adsorption  by  heated  wood  and 
I  lignin  was  greater  when  they  were 
!  conditioned  at  90  percent  relative  hu- 
*  midity  than  when  conditioned  at  30 
penent  relative  humidity.  The  per- 
ceniage  reduction  of  moisture  adsorp- 
tio;  by  heated  alpha-cellulose  was  ap- 
pro'cimately  the  same  whether  condi¬ 
tio  d  at  90  or  30  percent  relative 
hu’ddity.  For  heated  hemicellulose, 
hov  ever,  the  percentage  reduction  of 
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moisture  adsorption  was  less  when  the 
hemicellulose  was  conditioned  at  90 
percent  relative  humidity  than  when 
conditioned  at  30  percent  rCdative  hu¬ 
midity. 

Chemical  Composition:  Douglas- 
fir  U’ood. — Since  the  wood  used  in 
the  heating  experiments  had  been  pre¬ 
viously  extracted  with  alcohol-benzol 
and  hot  water,  the  analytical  values 
recorded  in  table  7  are  the  direct  re¬ 
sult  of  the  heat  treatment.  On  the 
basis  of  equal  heating  time,  loss  in 
weight  of  the  wood  is  less  in  the  open 
system  than  in  the  closed  system. 
Shortening  of  the  time  of  heating  in 
either  system  can  be  compensated  for 
by  increasing  the  temperature. 

Materials  soluble  in  alcohol-benzol 
and  in  hot  water  were  produced  by 


heating  the  extractive-free  wood  in 
both  the  open  and  closed  systems. 

Materials  soluble  in  a  1.0  percent 
aqueous  solution  of  sodium  hydroxide 
were  produced  at  a  maximum  of  44.4 
percent  (table  7)  in  the  open  system 
at  160°  C.  in  eight  days.  Apparently, 
the  alkali-soluble  material  was  pro¬ 
duced  partly  at  the  expense  of  lignin, 
which  dropped  from  28.3  to  23.7  per¬ 
cent,  and  chiefly  at  the  expense  of 
holocellulose,  which  decreased  from 
72.0  to  48.7  percent.  The  difference 
between  the  alpha-cellulose  values  of 
46.2  percent  in  unheated  wood  and  0 
percent  in  wood  heated  at  160°  C. 
indicates  drastic  degradation  of  the  ma¬ 
terial  to  a  stage  at  which  it  was  com¬ 
pletely  dispersible  in  a  17.3  percent 
aqueous  solution  of  sodium  hydroxide. 
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At  the  more  drastic  heating  condi¬ 
tions,  the  lignin  values  increased  con¬ 
siderably,  whereas  the  values  for  holo- 
cellulose  decreased,  indicating  that  the 
apparent  increase  in  lignin  content  was 
derived  from  a  portion  of  the  holo- 
cellulose. 


Pentosan  values  decreased  from  9.1 
percent  to  2.5  percent  during  heating 
in  the  open  system  and  to  0.7  per¬ 
cent  during  heating  in  the  closed  sys¬ 
tem,  showing  that  the  degradative  ef¬ 
fect  of  heating  is  more  severe  in  the 
closed  system.  The  same  is  true  for 
the  holocellulose  content.  Loss  of 
alpha-cellulose,  on  the  other  hand,  was 
greatest  in  the  open  system,  presuma¬ 
bly  due  to  oxidation  by  air. 

Values  for  methoxyl  content  and 
amount  of  carbon  dioxide  evolved  by 
the  action  of  acid  vary  only  slightly 
for  different  heating  conditions. 

Alpha-cellulose. — Loss  in  weight 
due  to  heating  the  alpha-cellulose  in¬ 
creased  with  the  severity  of  the  treat¬ 
ment  in  both  the  open  and  the  closed 
systems  (table  8).  Heating  in  the 
closed  system  in  all  cases  resulted  in 
a  greater  loss  in  weight  than  heating 
in  the  open  system.  The  residue  of 
the  heated  alpha-cellulose  was  analyzed 
for  solubility  in  alcohol-benzol,  hot 
water,  and  1.0  percent  sodium  hy¬ 
droxide  and  for  content  of  lignin, 
holocellulose,  and  alpha-cellulose. 

Materials  soluble  in  alcohol-benzol 
were  formed  under  all  heating  condi¬ 
tions,  but  to  a  greater  extent  in  the 
closed  system  than  the  open  system. 
At  110°  C.,  the  same  was  true  for 
materials  soluble  in  hot  water.  At  the 
higher  temperatures,  the  reverse  was 
found  to  be  true.  It  is  possible  that 
hot-water-soluble  materials  formed  in 
the  closed  system  at  160°  C.  and 
above  and  at  220°  C.  in  the  open 
system  became  polymerized  to  insolu¬ 
ble  products.  This  is  borne  out  by  the 
increase  in  hgnin-like  products  under 
these  condiuons.  The  same  general 
trend  holds  for  the  formation  of  ma¬ 
terial  soluble  in  1.0  percent  sodium 
hydroxide. 

Lignin-like  material  was  produced 
from  the  alpha-cellulose  during  heat¬ 
ing  in  both  the  open  and  the  closed 
systems,  as  has  been  previously  found 
(3,  4).  This  reaction  is  more  pro¬ 
nounced  in  the  closed  than  in  the 
open  system.  The  production  of  lignin¬ 
like  material  is  paralleled  by  a  de¬ 
crease  in  the  holocellulose  content,  in¬ 
dicating  that  the  latter  is  the  chief 
source  of  the  lignin-like  product. 

The  experimental  values  for  the 
holocellulose  content  when  added  to 
the  weight  loss,  the  material  soluble 
in  alcohol-benzol  and  the  lignin  give 
values  close  to  100  perceilt  in  all 
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labU  6.— Hit  In  aa-l  cewpoaltiOB  of  PouMlM-flr  alpha  fnUalo— ^ 

»»rloa»  condltia—  of  haatlwit. 


Analyses 

t 

CoMposlUon  resulting  froa  conditions  of  heating 

sUnheatedt  Open  syatsa 

1 

Closed  system 

1 

1 

illO*  C., 
•bit  days 

•160*  C., 

1  6  days 

220*  C.,illO*  C.,1 
16  hoursi  It  days 

110*  C., 
16  days 

180*  C., 
16  hoars 

1220*  Ce, 

1  bourt 

•Percent 

iFercent 

itVreont 

Percent 

iPcrccnt 

Percent 

Percent 

iPareent 

lass  In  weight  . 

1 

1  0.6 

•  7.3 

Ui.O 

I  0.2 

1.2 

9.1 

•  37.7 

Solubility  la  aleohol-benxelt . 

1  .1 

2.0 

1  .0 

1.0 

1.2 

•  5.1 

Solubility  la  hot  water. .% 

•  3.3 

t  12.5 

2.1 

!  b.8 

5.8 

1.7 

1 

Solubility  la  1.0  Mroant 
sodlun  hydrexldeL . 

Ugnlni . 

1 . 

1  S.li 

I  23.fc 

9.9 

1  17.2 

25.0 

17. k 

•  7.S 

1 

t  .5 

18.5 

1  .3 

2.l| 

lk.5 

I  51.3 

Heloealliilooa . 

..1  iioo.o 

1  299.b 

•  7?.e 

6b.5 

I  iw.e 

93.8 

73.9 

Alpha-eollalosc . 

.,1  97.0 

1 

t  57.3 

1  0 

0 

I  38.3 

22.1 

0 

~Ms«lU  for  haatod  alpba-eaUaleae  are  baaed  an  the  welcht  ef  tha  original  oxtraetlea-  and  aab- 
fVaa,  oaan-^jf  naterlal. 

~11aated  Material  re-extraeted  wltb  aleehol-bensol  and  hot  water  before  analjrals. 

Calculated  values. 


table  y.—llie  Ices  In 


e  l»a  In  *"**_***  coatpoelUon  of  Ooaelaa-flr  resulting  tran 

various  caidi«.ana  o^  heatlaK, 


Inalyses 

Conpesltlon  resulting  froni  ooitdltlaM  of  haatii^ 

lUnheatec 

li  Open  system 

Closed  synton 

•110*  C., 
i6k  days 

160*  C.,i 
8  days  1 

220*  C.,illO*  C., 
16  honrsi  k  days 

«U0*  C.,tl60*  C.,i220* 
tl6  days  il6  hoursi  k  ho-js 

1 Percent 

iPeroent 

ta«cnt  1 

Percent  iPeroent 

•IVrcent  'Percent  ■Perccr't 

Loss  In  weight . 

«  1.3 

7.7  • 

U.2  0.2 

til 

1  0.3  t  2.6  t  3.7 

Solubility  In  aleohol-faensol 

t  1.0 

•  k.9 

17.k  i 

2.k  t  .5 

t  1.0  t  2.6  1  7«> 

Solubility  in  hot  water .... 

1  0 

•  1.5 

1.1  1 

.5  '  0 

1  .6  t  0  1  .2 

Solubility  in  1.0  peroetit 

!  3.5 

•  *3.3 

73.3  I 

5.1  •  3.7 

t  2.9  1  k.k  1  5.0 

aodlum  hyeratlde . 

t  1  1 

Nethcocyl . 

•  lk.8 

I  13.k 

u.o  • 

lii.7 

1  lii.6  1  Ui.3  I  U.S 

t  t  1 

>11  deterndnatlons  Mete  nade  on  individual  sarple%  wltli  tbs  exocptlon  of  the  deteminatloM  of 
solubility  In  alcohol-bensol,  hot  water^  and  sodltsn  hydreaclde«  which  were  nade  consecutively 
en  the  sane  sanple.  Values  are  based  on  the  weight  of  the  unheated,  oven-dry  nuterlal. 


Table  IJ.— The  loss  la  uel^t  aad  the  oowposltloa  of  I>QH«Ias-fir 
hewicellulosei  resulting  from  varlcms  conditions  of 
aeatiag 


Analyses 

Composition  resulting  from  conditions  of  heating 

Unheated 

Open  system 

Closed  system 

no*  C..J160»  C.,«220*  C..;110*  C.,:iiO«  C.,:220*  C.. 
64  days  :  1  day  i  2  hoursi  4  days  :16  days  il/Z  ‘tour 

Percent 

Percent  » Percent  « Percent 

1 Percent  i Percent  » Percent 

Loss  in 
weisnt . 

i  : 

3.7  :  27.4  i  26.1 

t 

I  1.3 

3.8 

43.1 

Solubility 
in  alcohol- 
beasoL .... 

3.1  :  9.4  j  7.1 

:  ] 

1.6 

6.“) 

5.5  :  21.7  X  24.9 

40.3  X  13.4  13.5 

12.2 

53.** 

Pentosans. . . 

42.5 

:  41.4 

38.2 

Methoxyl. . . . 

2.9 

2.7  :  1.4  :  1.6 

2.8 

2.8 

Carbon 
dioxide. . . . 

3.1 

3.0  :  1.3  :  .9 

i  2.7 

2.7 

• 

'^Results  are  based  on  the  weli;bt  of  the  original  extractive-  and  ash-free, 
oven-dry  material. 
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Heavy  Pine  Sawmill  Waste — A  Supplement  to  Round 
Wood  For  Pulp  Production' 

ROSWELL  D.  CARPENTER 

Consultant  to  Forest  Products  Industries,  Shrevepon,  La. 


Current  status  of  use  of  heavy  pine  sawmill  waste  is  described 
and  probable  part  that  such  waste  can  play  in  overall  southern  pulp 
production  is  analyzed.  Ultimate  feasible  use  of  this  waste  for  pulp  is 
placed  at  55  percent. 


Slabs,  edging  strips  and  trims, 
resulting  from  the  sawing  of  logs 
into  lumber  products  at  southern  yel¬ 
low  pine  sawmills,  have  assumed  a 
new  status.  Formerly  classified  as 
waste,  they  have  now  attained  the  dig¬ 
nity  of  constituting  a  source  of  raw' 
material  which,  through  further  proc¬ 
essing,  can  be  converted  into  a  valua¬ 
ble  product — a  product  which  will 
justify  a  substantial  investment  in 
equipment  for  processing,  pay  the  op¬ 
erating  costs  involved,  and  most  im¬ 
portant  of  all,  yield  a  reasonable 
profit.  The  processing  of  slabs,  edging 
strips  and  trims  consists  of  convert¬ 
ing  them  into  chips  for  that  increas¬ 
ingly  important  southern  industry — 
pulp  and  paper  manufacture. 

Until  very  recently,  these  slabs, 
edging  strips  and  trims  have  been  con¬ 
sidered  and  handled  mainly  as  waste 
in  the  making  of  lumber  by  the  saw¬ 
mills.  Their  use,  whenever  they  were 
used  at  all,  was  for  fuel  in  the  pro¬ 
duction  of  steam  power  for  the  opera¬ 
tion  of  the  sawmill,  with  a  very  small 
portion  consumed  fpr  domestic  fuel. 
They  were  never  a  source  of  cheap  fuel 
because  of  the  handling  and  further 
processing  necessary  to  prepare  them 
for  this  use,  and  never — even  at  the 
height  of  the  use  of  steam  power — 
was  as  much  as  50  percent  of  the 
volume  produced  consumed  for  this 
purpose.  Large  sums  of  money  have 
been  spent  by  operators  to  construct 
and  maintain  conveyors  and  fabricated 
waste  burners,  or  burning  pits,  to  rid 
the  sawmills  of  this  material  along 
witli  the  accompanying  sawdust.  The 
costs  of  this  burning  operation  have 
bec:i  accompanied  also  by  additional 
cost^  for  labor,  all  of  which  of  course 
dec; cased  the  possible  net  recovery 
froi'i  the  sale  or  the  lumber  produced. 
Wi.h  the  tremendous  replacement  of 
stc..:n  power  plants  at  sawmills  by 
intcnal  combustion  engines  and  the 
pur  base  of  commercially  produced 

'  ciintributed  paper. 


electric  power,  only  somewhere  be¬ 
tween  ten  and  twenty  percent  of  the 
total  slabs,  edging  strips  and  trim  are 
now  being  used  for  the  production  of 
steam  power  at  southern  pine  sawmills. 

Sources  of  Pulp  Chips 

From  the  very  beginning  of  paper 
manufacturing  in  the  southern  United 
States,  pulp  and  paper  mills  have  ob¬ 
tained  their  chips  almost  universally 
from  the  cutting  of  trees — usually 
smaller  than  those  required  for  saw- 
logs — into  bolts,  and  then  chipping 
the  bolts.  The  bolts  have  first  been 
freed  from  most  of  the  bark  in  large, 
rotary,  drum-type  barkers  by  the  fric¬ 
tion  of  the  bolts  against  one  another. 
Pulp  chips  must  be  reasonably  free  of 
all  bark  and  foreign  matter  to  insure 
the  required  strength  and  cleanliness 
for  all  paper,  whatever  the  use.  The 
amount  of  bark  permissible  depends 
on  the  quality  of  the  paper  produced. 

The  question  naturally  arises  as  to 
why  it  has  not  been  possible  to  chip 
heavy  sawmill  waste  for  pulping  un¬ 
til  very  recently.  The  answer  is  that, 
only  after  many  years  of  research  and 
development  work,  have  machines  and 
methods  for  economically  removing 
the  bark  from  sawlogs  finally  evolved, 
which  will  do  the  job.  Sawlog  bark¬ 
ers  have  been  available  for  some  years, 
but  the  machines  and  their  installa¬ 
tion  have  been  so  costly  as  to  rule  out 
their  use  by  all  but  a  few  of  the  larg¬ 
est  southern  pine  sawmill  operations. 
Recently  a  combination  pneumatic  and 
mechanical  log  barker  has  been  pro¬ 
duced  which  will  do  an  efficient  job, 
and  at  the  same  time  is  so  priced 
that  many  sawmills  can  purchase  and 
profitably  operate  such  installations. 
In  addition  to  the  log  barker,  the  en¬ 
tire  installation  of  course  includes 
chipping,  screening  and  conveyor 
equipment.  Existing  evidence  indicates 
that  cheaper  installations  will  be  avail¬ 
able  so  that  sawmills,  with  a  smaller 


annual  production  of  lumber,  can  take 
advantage  of  them. 

So  far,  the  barking  of  slabs  and 
edging  strips  has  not  proved  satisfac¬ 
tory.  Such  machines  as  exist  for  this 
purpose  either  destroy  so  much  of  the 
wood  content  of  the  pieces,  or  process 
such  a  small  volume  per  unit  of  time, 
that  their  use  is  neither  practical  nor 
economical.  (Irregularity  in  size  and 
shape  compared  to  round  timber  is 
the  cause.) 

Interest  in  the  utilization  of  heavy 
sawmill  waste  for  pulp  chips  has 
peaked  recently.  At  the  present  time, 
three  of  the  largest  pine  sawmills  in 
the  South  are  operating  sawlog  bark¬ 
ers  and  supplying  chips  to  pulp  and 
paper  mills — one  each  in  Alabama, 
Arkansas,  and  Virginia.  Two  more 
large  sawmills  in  Arkansas  are  start¬ 
ing  similar  installations,  and  several 
orders  for  this  equipment  have  re¬ 
portedly  been  placed  with  the  equip¬ 
ment  manufacturers  by  other  sawmill 
operators. 

Several  of  the  pulp  and  paper  com¬ 
panies  are  holders  of  large  areas  of 
fee  timber  lands.  This  fact  provides 
a  basis  for  extensive  interchange  of 
raw  material  between  the  sawmills  and 
the  pulp  and  paper  companies, 
wherein  the  sawmill  operators  pur¬ 
chase  sawlog  stumpage  from  the  pulp 
and  paper  companies  and,  in  turn, 
furnish  them  with  pulp  chips. 

Total  Pulpwood  Requirements 

A  well  known  forester,  working  in 
the  southern  pine  lumber  industry, 
states  that  he  has  recently  been  asked 
by  several  people,  holding  timber 
lands  for  the  purpose  of  growing  and 
selling  timber,  if  all  of  the  heavy 
sawmill  waste  produced  in  sawing 
southern  pine  lumber  were  converted 
into  pulp  chips,  how  would  they  sell 
the  thinnings  from  their  young  stands 
for  pulpwood  as  they  have  in  the  past. 
It  is  with  the  purpose  of  answering 
this  question  that  this  article  has  been 
written. 

The  following  table  shows  pulp¬ 
wood  production  in  the  southern  pine 
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states  for  the  years  1940,  1946  and 
19524 


Year  Pine  Hardwood  Total 

(in  thousand 
cords) 

1940 _  5.445.4  592.8  6.038.2 

1946, _  -  7,624.6  1,210.3  8,8,34.9 

19,52 _  12,782.7  1,782.2  14. .564. 9 


In  December  1951,  the  Chief’s  Of¬ 
fice  of  the  U.  S.  Forest  Service  in 
Washington  reported  that  applications 
for  tax  amortization  had  been  received 
for  expansion  of  present  mills  and  new 
mills  in  the  South,  which  would  re¬ 
quire  an  additional  6.8  million  cords 
of  wood  annually.-  Of  this  volume, 

4.4  million  cords  would  be  pine  and 

2.4  million  would  be  hardwood.  When 
these  figures  are  added  to  those  for 
1952  production,  with  allowances  for 
recently  constructed  facilities  already 
in  operation  and  still  others  which  may 
not  be  built,  the  results  indicate  that 
by  I960  the  southern  pine  states  will 
have  to  produce  20,000,000  cords  or 
more  of  pulpw'ood,  of  which  at  least 
16,500,000  cords  will  be  pine  and 
3,500,000  cords  will  be  hardwood.  Al¬ 
ready  enough  of  these  expansions  have 
been  completed,  or  are  in  the  con¬ 
struction  stage,  so  that  by  the  begin¬ 
ning  of  1956  there  will  have  to  be 
additional  production  of  2,500,000 
cords,  of  which  more  than  2,000,000 
cords  will  have  to  be  pine. 

Volume  of  Southern  Pine  Heavy 

Sawmill  Waste  Available  for 
Pulp  Chips 

During  the  spring  of  1948,  this 
author  conducted  two  tests  at  a  large 
pine  sawmill  in  Alabama  to  determine 
the  volume  of  heavy  sawmill  waste 
produced  per  thousand  board  feet  of 
lumber  sawed,  for  both  Doyle  log 
scale  and  green  lumber  tally,  and  suit¬ 
able  for  chipping.  Again,  between  Oc¬ 
tober  1948  and  February  1950,  the 
same  work  was  carried  out  at  17  pine 
sawmills  in  Arkansas  and  Louisiana." 
This  last  was  a  cooperative  project  be¬ 
tween  the  Southern  Forest  Experi¬ 
ment  Station,  New  Orleans,  La.,  and 

■  1940  figures  from  unpublished  data  col¬ 
lected  by  Division  of  State  and  Private  Forestry, 
Region  8  Office,  U.  S.  Forest  Service,  Atlanta, 
Ga. 

1946  Pulpwood  Production  by  County  in  the 
Southeast.  Forest  Survey  Release  No.  2i,  James 
W.  Cruikshank.  Southeastern  Forest  Experi¬ 
ment  Station,  Asheville,  N.  C.  November  1947. 

Pulpwood  Production  and  Use  in  Southern 
Forest  Survey  Territory,  1946.  Forest  Survey 
Release  No.  56.  William  S.  Stover,  Southern 
Forest  Experiment  Station,  New  Orleans,  I.a. 
May  1948. 

1952  Pulpwood  Production  in  the  South. 
Forest  Survey  Release  No.  72.  W.  S.  Stover 
and  J.  F.  Christopher.  Si>uthern  Forest  Experi¬ 
ment  Station,  New  Orleans,  I.a.  May  195,5. 

-  The  Impact  of  the  National  Emergency  on 
Forest  Resources.  Chas.  I..  Tebbe.  U.  S.  Forest 
Service,  Washington.  D.  C.  Journal  of  Forestry. 
April  1952.  (A  paper  presented  at  the  51st 
annual  meeting  of  the  Society  of  American 
Foresters.  Biloxi.  Miss.,  December  15,  1951.1 

’  Amount  of  Cdiippable  Waste  at  Southern 
Pine  .Sawmills.  Roswell  D.  C^arpenter,  Occa¬ 
sional  Paper  115.  .Southern  Forest  Experiment 
Station.  New  Orleans.  I.a.  November  1950. 


the  Southern  Kraft  Division  of  the  In¬ 
ternational  Paper  Company,  Mobile, 
Alabama. 

To  provide  for  the  differences  in 
mill  size  and  sawing  equipment  at 
various  mills,  they  were  classified  into 
four  groups  according  to  these  fac¬ 
tors,  and  four  mills  were  sampled 
from  each  group — two  in  each  of  the 
States.  At  each  mill,  logs  were  sepa¬ 
rated  into  diameter  classes  having  a 
3-inch  interval,  i.e.  8,  11,  14,  17,  etc. 
These  were  hand  peeled  and  put 
through  the  sawmill,  keeping  each  di¬ 
ameter  group  separate.  The  waste  was 
collected  and  weighed  and  the  mois¬ 
ture  content  determined.  The  waste 
volume  was  then  converted  into  cords 
using  2,500  lbs.  oven-dry  weight  as 
the  weight  of  one  cord. 

The  most  interesting  fact  developed 
by  this  study  was  that,  for  a  given  di¬ 
ameter  class  of  logs,  there  was  rela¬ 
tively  little  difference  in  the  waste 
produced  by  any  of  the  four  classes 
of  mills.  The  main  factor  governing 
the  amount  of  waste  produced  proved 
to  be  the  diameters  of  the  logs  being 
sawed.  On  the  basis  of  green  lum¬ 
ber  tally,  the  smaller  the  log  the 
greater  the  volume  of  waste  produced, 
with  the  6-inch  diameter  group  pro¬ 
ducing  the  greatest,  and  decreasing  as 
log  diameter  increased.  Of  course  this 
will  not  hold  true  in  the  case  of  Doyle 
Log  Scale,  because  of  the  influence  of 
the  tremendous  overrun  which  is  re¬ 
covered  in  the  sawing  of  8-  and  9- 
inch  logs. 

An  analysis  of  log  intake  by  diam¬ 
eters  was  made  for  all  of  the  sample 
mills  for  the  year  1948.  As  these  mills 
can  be  considered  a  representative 
sample  of  the  total  population  of  saw¬ 
mills  in  the  South,  it  is  believed  that 
the  figures  arrived  at  from  this  analy¬ 
sis  can  be  applied  to  the  total  popula¬ 
tion  of  southern  mills  without  fear  of 
any  substantial  error.  This  analysis 
showed  that  about  92  percent  of  the 
lumber  cut  from  all  classes  of  mills 
in  1948  was  cut  from  logs  scaling 
less  than  15.5  inches  in  diameter. 
There  is  no  reason  to  believe  that  the 
diameters  of  logs  going  into  southern 
pine  sawmills  will  increase  in  the  fu¬ 
ture.  On  the  other  hand,  it  is  also  hard 
to  believe  that  they  will  decrease  much 
below  the  pattern  obtained  from  the 
analysis  for  the  sample  mills  in  1948. 
Thus,  it  can  readily  be  seen  that  south¬ 
ern  pine  lumber  is  going  to  continue 
to  be  produced  from  a  large  number 
of  small  and  medium-sized  logs.  The 
average  mill  cutting  the  range  of  log 
diameters,  which  have  been  under  dis¬ 
cussion,  will  produce  an  average  of  be¬ 
tween  0.4  and  0.5  of  a  cord  of  heavy 
waste  that  is  suitable  for  pulp  mill 
chips,  when  sawing  a  thousand  board 
feet  of  lumber — green  tally.  For  pur¬ 


poses  of  further  discussion,  in  the  con¬ 
clusion  of  thia  article,  a  volume  of 
0.45  cords  of  waste  per  thousand  board 
feet  of  lumber  (green  tally)  will  be 
used. 

Conclusion 

For  the  past  several  years,  the  aver¬ 
age  annual  production  of  south(.rn 
pine  lumber  has  been  approximately 

9.5  billion  board  feet  green  lumber 
tally — certainly  within  plus  or  minus 
10  percent  of  this  figure.  Unless  he 
volume  of  stumpage  available  for 
lumber  production  declines  sharply,  or 
the  number  of  producing  mills  de¬ 
creases  materially  because  of  an  id- 
verse  change  in  general  business  con¬ 
ditions,  it  can  safely  be  assumed  tiat 
this  annual  production  will  remain  at 
approximately  this  same  figure  or 
many  years  to  come.  The  demand  or 
southern  yellow  pine  lumber  prodi  cts 
is  believed  to  have  leveled  off  at  t.iis 
point.  Assuming  that  all  of  the  he.  vy 
sawmill  waste  could  be  made  availa:)le 
for  pulp  chips,  a  volume  of  4,275,('00 
cords  could  be  furnished  to  the  pulp 
mills.  This  would  constitute  apprc-.ci- 
mately  27  percent  of  the  16,500,('')0 
cords  of  pine  pulpwood  which  v  ill 
be  required  by  the  Pulp  and  Paiier 
Industry  by  I960.  However,  it  c.in 
very  readily  be  seen  that  this  is  en¬ 
tirely  impossible  of  achievement. 

It  is  believed  that,  with  the  present 
high  costs  of  both  the  available  equip¬ 
ment  and  its  installation,  it  is  not 
feasible  for  a  sawmill  with  an  annual 
pine  lumber  production  of  less  than 
ten  million  board  feet,  with  a  result¬ 
ing  annual  chip  production  of  4,^00 
cords,  to  attempt  such  a  venture.  At 
the  present  time,  there  are  within  the 
Southern  Pine  Region  approximately 
65  mills  with  an  annual  lumber  pro¬ 
duction  of  10  million  feet  or  more  of 
pine  lumber.  The  annual  production 
of  these  mills  represents  about  1,100 
million  board  feet,  with  a  possible 
chip  production  of  495,000  cords,  or 
about  3  percent  of  the  annual  puie 
requirements  of  the  southern  pulp  .md 
paper  mills  for  I960.  This  last  would 
seem  possible  of  accomplisment,  pro¬ 
viding  of  course  that  the  equipn.i  nt 
manufacturers  expand  their  facihiies 
enough  to  supply  the  required  units  m 
the  intervening  years. 

Even  if  the  heavy  sawmill  wa  te, 
from  all  large,  medium  and  sn  all 
southern  pine  sawmills,  were  m  de 
available  to  the  pulp  and  paper  mbls, 
it  would  still  be  necessary  to  proci  cc 
12,500,000  cords  of  round  wood  n- 
nually  from  the  southern  pine  forc  es. 
This  figure  is  only  230,000  cords  I  ss 
than  the  1952  production  of  puie 
pulpwood.  However,  it  can  be  stat  d, 
(Continued  on  page  73) 
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Fireproofing 


Treatment  of  Wood  to  Reduce  Combustibility 

D.  R.  ABBEY 

Engineer,  Underwriters’  Laboratories  of  Canada,  Peterborough,  Ont. 


The  treatment  of  wood  to  reduce  combustibility  where  it  might 
increase  acceptability  of  forest  products  in  the  construction  field 
plays  a  part  in  promotion  of  use  of  wood.  Although  it  may  be  de¬ 
sirable  in  all  cases,  this  treatment  would  not  necessarily  enhance 
the  competitive  position  of  wood  In  its  present  fields  of  usage.  This 
position  has  been  achieved  and  maintained  where  more  important 
reasons  override  the  increased  fire  hazard. 


IN  ATTEMPTING  TO  DETERMINE  if 

tire  retardant  treatment  is  desirable, 
we  might  ask,  will  it  increase  the 
acceptance  of  various  forms  of  wood 
construction  where,  at  present,  they 
are  not  acceptable  because  of  fire  haz¬ 
ard  consideration. 

Before  we  discuss  this,  a  brief  study 
of  fire  and  the  science  of  fire  protec¬ 
tion  is  indicated. 

Steiner  (8)  has  enumerated  the  im¬ 
portant  factors  in  the  science  of  fire 
protection  as  follows: 

1.  The  prevention  of  outbreak  of 
fire. 

2.  Early  detection  of  fire. 

3.  Prevention  of  spread  of  fire  from 
the  area  in  which  it  originates. 

4.  Extinguishment  of  fire. 

Characteristics  of  Fire 

A  fire  has  three  basic  characteristics. 
First,  there  is  involvement,  which  is 
the  area  of  surface  or  volume  of  ma¬ 
terial  that  is  involved  in  the  fire. 
Within  an  unrestricted  area,  variation 
of  involvement  is  governed  by  flame 
spread,  area  of  exposed  surface,  and 
draft.  On  the  other  hand,  involvement 
between  areas  is  controlled  by  the  fire 
retardant  qualities  of  walls,  ceilings, 
and  floors,  and  is  the  paramount  con¬ 
sideration  in  standards  of  fire  resist¬ 
ant  construction. 

Involvement  between  buildings  is 
governed  by  the  same  factors  as  in¬ 
volvement  between  areas,  with  the 
spacing  between  buildings  and  the 
nature  of  the  roof  covering  materials 
as  added  factors. 

On  the  subject  of  major  scale  in- 
volv'  ment  between  buildings,  Neale 
(7)  states:  "While  fortunately  the 
number  of  serious  city  conflagrations 
seem  to  be  decreasing,  many  of  our 
citie  still  have  the  potentialities  and 
it  Or  ly  needs  something  unusual  or 
somcihing  to  go  wrong  at  the  wrong 
time  0  produce  one”. 

*  P.-  ented  at  meeting  of  the  Forest  Products 
Resea  i  Society,  Eastern  Canadian  Section, 
Marc:  --6,  195J,  at  Toronto,  Ont. 
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A  second  characteristic  of  fire  is  in¬ 
tensity.  The  intensity  of  fire  is  gov¬ 
erned  by  the  amount  and  nature  of 
the  combustibles  involved  in  the  fire. 
The  severity  of  fire  damage  in  any 
given  area  is  related  to  the  intensity 
and  thereby  to  the  combustible  con¬ 
tent  of  the  area.  The  combustible  con¬ 
tent  is  usually  determined  by  the  ma¬ 
terials  stored  in  the  building  rather 
than  the  materials  used  in  the  con¬ 
struction  of  the  building. 

For  our  third  characteristic  of  fire, 
I  have  chosen  the  military  term,  inter¬ 
diction.  Interdiction  in  this  instance  is 
the  capability  of  the  fire  to  make  an 
area  uninhabitable  by  humans.  There 
is  the  life  hazard  to  occupants  of  the 
building  or  area;  and  the  hampering 
effect  upon  the  efforts  of  fire  fighters. 
This  condition  is  principally  caused  by 
smoke  and  gases  liberated  or  produced. 
It  can  be  lessened  by  adequate  venti¬ 
lation  which,  unfortunately,  in  turn 
aggravates  the  fire  spread  or  involve¬ 
ment. 


In  any  attempt  to  evaluate  the  de¬ 
sirability  of  treating  wood  to  reduce 
its  combustibility,  these  three  char¬ 
acteristics  must  be  independently  con¬ 
sidered.  It  is  only  by  acceptably  dem¬ 
onstrating  easy  conformance  to  spe¬ 
cific  fire  hazard  minimums  that  the 
use  of  wood  construction  fan  be  broad¬ 
ened  and,  in  some  cases,  continued. 

Let  us  look  at  a  few  of  the  factors 
in  the  use  of  wood  construction.  From 
the  structural  and  economic  point  of 
view  this  subject  has  been  handled  in 
great  detail  and  the  literature  contains 
numerous  examples.  On  the  other 
hand,  what  are  the  fire  factors  ? 

Contrary  to  popular  opinion,  it  is 
not  necessarily  the  combustibility  of 
wood  which  is  objectionable.  The  ob¬ 
jectionable  feature  is  the  fact  that  to 
date  there  appears  to  be  no  economi¬ 
cally  competitive  form  of  wood  con¬ 
struction  which  by  itself  will  resist  the 
heat  developed  in  the  combustion  of 
the  contents  of  a  building  and  con¬ 
fine  the  fire  to  a  specific  area.  In  short, 
its  fire  resistance  classification^  is  too 
lo\^^ 

2  Fire  Resistance  Classification.  The  fire  re¬ 
sistance  classification  may  be  defined  as  the  time 
interval  for  which  a  fire  barrier  will  maintain 
its  integrity  against  the  transmission  of  heat  or 
flame  under  standard  fire  conditions.  This  is 
also  known  by  the  term  "fire  retardant  classi¬ 
fication”. 


The  severity  of  fires  to  be  expected 
in  occupancies  has  been  studied  thor¬ 
oughly  and  using  standard  test  meth¬ 
ods,  various  forms  of  construction  have 
been  assigned  classifications,  the 
soundness  of  which  has  been  proved. 
These  ratings  govern  the  present  re¬ 
striction  of  the  use  of  wood  and  other 
materials  in  construction. 

Fire  retardant  barriers  permit  segre¬ 
gation  of  the  total  building  area  into 
definite  units  of  area.  Therefore,  if  a 
fire  originates  in  one  unit  area,  it  can 
be  prevented  from  spreading  to  any 
other  area  for  sufficient  time  so  that 
it  may  be  attacked  and  extinguished 
before  assuming  major  proportions. 

There  is  ajjopular  misconception  in 
the  public  mind  which  each  individual 
should  guard  against.  It  is  the  general 
belief  that  reduction  in  combustibility 
automatically  warrants  recognition  un¬ 
der  a  fire  retardant  or  fire  resistance 
classification. 

This  may  be  clarified  by  the  intro¬ 
duction  of  the  term  fire  hazard  classi¬ 
fication.  The  fire  hazard  classification 
is  a  measure  of  the  contribution  a 
material  makes  to  the  fire.  The  con¬ 
tribution  is  in  three  categories,  namely, 
flame  spread,  fuel  contributed,  and 
smoke  density.  This  will  be  discussed 
in  detail  later. 

Therefore,  although  a  reduction  in 
combustibility  may  drastically  reduce 
the  fire  hazard  classification,  where  the 
fire  intensity  is  controlled  by  other 
factors,  the  fire  retardant  classification 
may  not  be  substantially  improved. 

As  an  example,  a  partition  consist¬ 
ing  of  two  by  four  studs  with  a  single 
fibreboard  nailed  on  one  side  has  a 
fire  retardant  value  of  five  minutes. 
Treatment  to  reduce  combustibility  of 
the  fibreboard  merely  adds  another 
five  minutes  to  its  fire  retardant  value. 
It  is  evident  that  this  does  not  repre¬ 
sent  an  improvement  of  great  conse¬ 
quence. 

It  would  be  of  great  benefit  to  your 
industry,  and  therefore  should  be  your 
responsibility,  to  have  research  con¬ 
ducted  and  classification  tests  made  to 
demonstrate  any  improvement  in  the 
fire  resistance  rating  of  various  types 
of  wood  construction  after  treatment. 
Super  salesmen  will  not  succeed  in 
securing  modifications  in  restrictions 
contained  in  building  codes  one- 
thousandth  as  much  as  a  recognized 
technical  report  that  a  certain  type  of 
construction  has  a  one-hour  or  a  two- 
hour  fire  resistance  rating. 

Wooden  Fire  Doors 

The  acceptance  of  wooden  fire  doors 
is  a  prime  example  of  the  willingness 
of  the  authorities  having  jurisdiction 
to  recognize  new  products  that  have 
been  found  by  test  to  be  acceptable. 


For  many  years,  the  necessity  of  fire 
protection  overruled  aesthetic  consid¬ 
erations  in  the  design  of  fire  doors. 
A  fire  door  tended  to  be  readily  dis¬ 
tinguishable  by  its  appearance  and  it 
was  difficult  to  blend  it  into  a  reason¬ 
able  decorative  scheme. 

Fire  retardant  treated  wood  pro¬ 
vided  the  basis  of  one  of  the  three 
solutions  to  this  problem.  Manufactur¬ 
ers  are  now  providing  fire  doors,  which 
have  passed  fire  tests  and  are  accept¬ 
able  for  openings  in  stairway  enclos¬ 
ures  and  openings  in  corridor  and 
room  partitions.  These  doors  consist 
of  a  chemically  impregnated  wood  core 
and  cross  banding  with  an  untreated 
veneer  bonded  to  each  face.  They  re¬ 
semble  in  appearance  the  normal  flush 
type  door  with  their  inherent  finish¬ 
ing  qualities  but  they  carry  the  appli¬ 
cable  Fire  Door  Label  which  allows 
their  use,  to  the  extent  indicated  in 
the  foregoing,  for  Fire  Protection,  in 
place  of  metal  doors. 

Viewpoints 

Although  technical  considerations  in 
the  use  of  treated  wood  in  building 
construction  have  an  important  bear¬ 
ing  upon  this  problem,  the  ultimate 
acceptance  of  any  new  material  is 
affected  by  many  conflicting  view¬ 
points.  These  attitudes  are  influenced 
by  the  basic  scope  and  aims  of  the 
groups  concerned. 

Let  us  consider  the  problem  as  it  is 
looked  upon  by  the  law  enforcement 
authorities,  the  insurance  rating  agen¬ 
cies,  the  general  public,  and  the  wood 
products  industry. 

Enforcement  or  legal  attitude  is 
very  sensitive  to  public  opinion.  Pub¬ 
lic  opinion  tends  to  sway  with  the 
spectacular;  the  large  fire  loss,  the  con¬ 
flagration,  and  the  picture  of  lives  lost 
in  fires  involving  places  of  public  as¬ 
sembly,  institutions,  and  tenements. 
Therefore,  our  officials  generally  tend 
to  look  at  building  construction  from 
two  principal  points  of  view,  namely, 
life  hazard  and  involvement.  In  gen¬ 
eral,  you  will  note  that  in  order  to 
prevent  these  hazards,  many  building 
codes  currently  in  use  somewhat  re¬ 


grettably  stress  the  specific  nature  of 
the  materials  to  be  employed  rather 
than  their  performance  under  fire  con¬ 
ditions. 

On  the  other  hand,  the  National 
Research  Council,  in  its  model  stand¬ 
ard  building  code,  has  taken  a  promi¬ 
nent  position  in  the  attempt  to  specify 
building  requirements  in  terms  of  per¬ 
formance  rather  than  material.  This 
allows  the  use  of  new  materials  as  long 
as  they  will  meet  certain  specif ed 
standards  of  performance  with  respect 
to  strength  and  fire  resistance. 

Now,  what  is  the  insurance  afti- 
tude.^  Although  they  are  not  inser  d- 
tive  to  public  opinion,  insurors  must 
be  cognizant  of  the  economic  aspc  ts 
of  fire  loss.  Therefore,  in  addition  to 
their  concern  with  life  hazard  and  n- 
volvement,  we  must  add  concern  !or 
the  losses  suffered  by  the  individ  !al 
occupant  or  property  owner. 

Insurance  groups  have  taken  an  >  x- 
tensive  interest  in  the  prevention  of 
fire  losses  as  witnessed  by  the  promnl- 
gation,  in  1905,  of  the  first  model 
building  code  by  the  National  Bo.;rd 
of  Fire  Underwriters.  In  Canada,  tin's 
interest  has  been  paralleled  by  the 
activities  of  the  Dominion  Board  of 
Insurance  Underwriters  and  its  affili¬ 
ated  insurance  rating  associations. 

What  is  the  attitude  of  the  public.^ 
In  general,  I  fear,  it  is  to  construct 
buildings  as  cheaply  as  possible  to  suit 
the  purposes  for  which  they  are  re¬ 
quired.  The  general  public  will  there¬ 
fore  tend  to  choose  those  materials 
which  are  most  economical  for  the 
standard  of  construction  desired. 

As  representatives  of  the  wood 
products  industry,  what  is  your  atti¬ 
tude?  We  can  probably  describe  it  as 
wishing  to  promote  wherever  possible 
the  use  of  wood  construction.  To  that 
end,  any  development  or  process  which 
enhances  your  competitive  position  ob¬ 
viously  is  of  important  interest  to  you. 
Thus  you  are  faced  with  the  problem 
of  ascertaining  the  efficacy  of  fire  re¬ 
tardant  treatments  in  the  promotion  of 
your  product. 

Before  passing  on  to  the  next  ph.tse 
of  our  discussion,  we  should  re-dcime 


TABLE  I 


Variation  of  Flame  Spread  with  Treatment 

Treatment 


Material 

Untreated 

Impregnation 

Surface  Coatinj? 

Red  Oak 

•00 

25-60 

30-65 

Plywood 

100-180 

35 

• 

White  Pine 

130 

25.60 

30-65 

0 

Hair  Felt 

240 

35 

- 

Canvas 

640 

30-40' 

- 

46 


NOVEMBER,  19  53 


TABLE  II 


Comparison  of  Impregnation  Treatments  and  Coatings 


Impregnation 

Property 

Coatings 

Treatments 

Effectiveness 

Moderately  effective 

More  effective 
and  dependable 
than  coatings. 

Suttabillty  for  appli¬ 

To  structures  already 

To  building  lum¬ 

cation 

erected 

ber  or  finish 
materials  be¬ 
fore  erection. 

Use  to  protect  com¬ 
bustible  surfaces 
in  concealed 
spaces 

Not  ordinarily  prac¬ 
ticable 

Effective. 

Cost 

Ordinarily  less 

than  impregnations 

Relatively  high. 

Adverse  effect  on 
strength  of  wood 

Probably  none 

Possible  with 

some  treatments 

Durability 

Not  permanent,  but 
renewable 

More  lasting  than 
coatings,  but 
not  renewable 

our  subject.  As  sufficient  information 
is  not  available  and  as  the  use  of  a 
crys’  il  ball  is  not  considered  good  en- 
ginc.ring  practise,  we  are  in  no  posi¬ 
tion  to  forecast  the  acceptability  of 
trea*s.d  wood  in  cases  where  fire  resist¬ 
ant  <  onstruction  is  required. 

1  nis  leaves  us  with  the  field  of  in¬ 
ters  t  finish  and  non-fire-resistant  con- 
stni.tion  where  the  fire  hazard  classi¬ 
fication  is  of  import.  For  the  remain¬ 
der  of  the  paper  we  shall  confine  our 
ren':  irks  to  this. 

Fire  Hazard  Classifications 

The  "Handbook  of  Fire  Protection” 
(4)  lists  five  flame  spread  classifica¬ 
tions  using  the  scale  developed  by 
Underwriters’  Laboratories,  Inc.,  Chi¬ 
cago.  They  are  generally  recognized  in 
Qnada  and  the  United  States  and  are 
as  follows: 


Class  I  (Noncombustible) _  0-15 

class  II  (Fire  Retardant) _ 16-  30 

class  III  (Slow  Burning) _ 31-  75 

class  IV  (Combustible) _  76-200 

Class  V  (Highly  Combustible) . .200  and  over 


The  data  presented  in  Table  I  (5), 
(8),  reveals  the  effectiveness  of  treat¬ 
ment  to  reduce  flame  spread. 

The  basis  and  methods  used  for 
this  classification  will  be  detailed  in 
subsequent  sections. 

Methods  of  Treatment 

There  are  two  methods  of  treat¬ 
ment: 

(1)  Impregnation 

(2)  Coating 

With  the  impregnation  method,  the 
material  to  be  treated  is  dried  and  the 
chemical  treatment  is  usually  applied 
by  a  vacuum-pressure  technique.  There 
are  accepted  impregnation  treatments 
using  spray  techniques. 

Flame  resistant  treatment  by  coating 
is  achieved  by  application  by  spray, 
brush  or  dip,  of  a  surface  coating 
which  protects  the  wood  from  the 
effects  of  fire. 

Table  II  (5)  presents  a  compari¬ 
son  of  the  two  methods.  An  examina¬ 
tion  of  Table  II  reveals  that  the  dura¬ 
bility  of  coatings  is  limited  but  that 
they  are  renewable.  This  raises  the 
uestion  of  maintenance  which  is  a 
ebatable  factor  in  wood  construction. 
From  the  author’s  own  experience, 
there  are  frame  homes  in  New  Eng¬ 
land  over  200  years  old  which  are 
still  inhabitable  as  better  class  resi¬ 
dences.  On  the  other  hand,  there  are 
franc  houses  in  Ontario  erected  with¬ 
in  the  last  ten  years  which  are  ap¬ 
proaching  tenement  condition.  The 
probLm  of  evaluation  and  control  of 
mainanance  by  law  enforcement 
authorities  is  one  that  is  usually  solved 
by  tctil  banishment.  Thus  any  step 
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that  might  help  to  remove  total  re¬ 
strictions  would  assist  your  industry 
greatly. 

It  might  be  important  to  note  that 
there  are  principally  two  types  of  fire 
retardant  coatings.  The  first  type  is  in 
itself  non-combustible  or  nearly  so  but 
does  not  protect  the  coated  material 
from  involvement  in  the  fire  and  is 
usually  used  for  noncombustible  sur¬ 
faces.  A  great  deal  of  work  on  this 
type  of  coating  material,  principally 
for  the  United  States  Navy,  has  been 
performed  on  bulkheads.  This  was 
done  because  experience  indicated  that 
repeated  coatings  of  combustible  mate¬ 
rial  served  to  reduce  the  fire  retardant 
value  of  the  bulkhead.  The  second 
form  of  coating,  which  is  of  more 
interest  to  us,  is  one  that  is  designed 
to  be  in  itself  noncombustible  and  in 
addition,  to  protect  a  combustible  sur¬ 
face  from  rapid  involvement  in  fire. 

Gire  must  be  taken  to  note  this  dif¬ 
ferentiation  as  application  of  the  first 
type  on  wood  will  permit  the  heat  of 
the  fire  to  volatilize  combustibles  from 
the  wood,  thereby  permitting  appre¬ 
ciable  flame  spread  under  actual  fire 
conditions. 

Rating  of  Treatments 

The  rating  of  the  treatments  to  re¬ 
duce  combustibility  of  wood  is  of 
prime  importance.  It  is  unreasonable 
to  expect  an  authority  having  jurisdic¬ 
tion  to  accept  a  treatment  applied  to 
wood  construction  unless  there  is 
available  an  accurate  rating  of  the  effi¬ 
cacy  of  the  treatment  concerned.  This 
rating  in  general  is  based  upon  three 
factors. 


(1)  Flame  spread 

(2)  Fuel  contributed  to  the  fire 

(3)  Smoke  density 

Many  agencies,  governmental  and 
otherwise,  have  extended  recognition 
of  varying  degrees  to  wood  treatment 
based  on  a  multiplicity  of  ratings. 
However,  the  only  rating  currently 
given  fairly  wide  recognition  in  Can¬ 
ada  and  the  United  States  is  that  de¬ 
veloped  by  Underwriters’  Laboratories, 
Inc.,  Chicago.  Under  this  rating,  cur¬ 
rent  practice  limits  the  flame  spread 
to  a  value  of  70  on  treated  wood  as 
compared  to  asbestos  cement  board  at 
0  and  uncoated  red  oak  at  100.  In 
addition,  there  must  be  an  appreciable 
decrease  in  the  fuel  contributed  and 
no  appreciable  increase  in  the  smoke 
density.  The  basis  for  this  classifica¬ 
tion  will  be  discussed  in  greater  de¬ 
tail  in  a  later  section. 

The  ratings  of  Underwriters’  Lab¬ 
oratories,  Inc.,  and  Underwriters’  Lab¬ 
oratories  of  Canada  are  available  for 
many  products  by  consulting  the  re¬ 
spective  Lists  of  Inspected  Appliances, 
Equipment,  and  Materials,  published 
by  these  Laboratories.  Products  which 
are  produced  under  the  Factory  In¬ 
spection  and  Label  Service  Program 
are  individually  listed  and  their  Fire 
Hazard  Classification  shown.  In  addi¬ 
tion,  this  classification  is  shown  on 
the  Inspection  Label  of  Underwriters’ 
Laboratories  which  appears  on  each 
container  of  the  product.  Directions 
for  use  are  also  included. 

Test  Methods 

The  most  universally  accepted  test 
at  present,  the  basis  for  the  tentative 
ASTM  standard,  designation  (E84- 
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50T)  (1),  on  fire  hazard  classification, 
is  the  Underwriters’  Laboratories,  Inc., 
Chicago,  test  furnace  (8)  (Fig.  1). 

Basically,  the  test  involves  the  use 
of  a  tunnel-like  furnace  with  inside 
dimensions  of  111/2  in-  in  height,  17 
in.  in  width  and  25  ft.  in  length.  The 
test  specimen,  18  in.  wide  and  24  ft. 
long,  serves  as  the  ceiling  of  the  fur¬ 
nace.  One  end  of  the  furnace,  desig¬ 
nated  as  the  fire  end,  is  provided  with 
a  standard  flame  delivered  from  gas 
burners  with  controls  tc  ;  rovide  a  re¬ 
producible  condition.  The  vent  end  is 
provided  with  a  dampered  smoke  pipe 
to  control  the  velocity  of  air  travel, 
and  a  photo-electric  device  to  measure 
the  density  of  smoke  developed.  In 
addition,  sample  tubes  and  observation 
ports  are  provided.  The  test  is  con¬ 
tinued  for  ten  minutes  unless  the  sam¬ 
ple  is  completely  consumed  in  a  shorter 
period. 

We  might  briefly  discuss  the  basis 
for  these  tests  under  the  headings  of 
the  classifications  set  forth  previously. 

Flame  Spread 

The  standard  flame  is  41/2  ft.  long 
when  measured  using  a  non-combusti¬ 
ble  cement-asbestos  board  as  the  test 
sample.  When  the  test  is  repeated 
using  a  combustible  specimen,  the  time 
for  the  spread  of  the  flame  along  the 
remaining  19/2  tunnel  is  a 

measure  of  the  flame  spread  character¬ 
istics.  This  time  may  then  be  compared 
to  the  time  for  select  red  oak  which  is 
arbitrarily  classified  as  100  and  a  clas¬ 
sification  given.  Select  red  oak  was 
chosen  as  the  standard  throughout  this 
test  as  it  denotes  a  grade  of  lumber 
which  is  available,  uniform,  and  read¬ 
ily  identified  throughout  the  North 
American  continent. 

Fuel  Contributed 

Integration  of  the  time-temperature 
graph  provides  a  measure  of  the  heat 
developed  and  therefore  of  the  fuel 
consumed  during  the  test.  When 
cement-asbestos  board  is  used,  an  inte¬ 
gration  value  is  obtained  which  repre¬ 
sents  the  fuel  contributed  by  the  stand¬ 
ard  gas  flame.  This  value  can  be  sub¬ 
tracted  from  a  similar  value  for  a 
combustible  sample.  The  result  is  a 
measure  of  the  fuel  contributed  by  the 
sample.  The  fuel  contributed  by  select 
red  oak  is  again  assigned  an  arbitrary 
value  of  100  and  the  results  for  other 
types  of  combustible  material  are  rated 
to  this  scale  (cement-asbestos  board — 
0;  select  red  oak — 100). 

Smoke  Density 

The  light  absorption  capacity  of  the 
smoke  is  assumed  to  be  directly  pro¬ 
portional  to  the  smoke  density.  The 
results  are  again  expressed  on  the  basis 


of  cement-asbestos  board — 0  and  select 
red  oak — 100. 

Other  Test  Methods 

There  are  several  other  test  methods 
available  for  the  evaluation  of  this 
treatment,  mainly  on  a  small  scale. 
However,  there  is  no  accepted  method 
of  correlating  the  results  obtained  in 
these  tests  with  the  large  scale  test 
method  described  above. 

Hubbard  (5)  lists  the  following: 

(1)  Fire  Tube  Test  of  the  United 
States  Forest  Products  Labora¬ 
tories,  Madison,  Wisconsin. 

(2)  The  Modified  Schlyter  Test 

(3)  The  Horizontal  Furnace  Test 

(4)  The  ASTM  crib  test 

(5)  The  roof  corner  test 

(6)  The  Standard  Flame  Test  of 
•  the  Hydro-Electric  Power  Com¬ 
mission  of  Ontario 

(7)  Flame  Penetration  Tests 

Hubbard  in  his  paper  further  out¬ 
lined  a  method  developed  at  Forest 
Products  Laboratory  in  Ottawa  of  a 
test  using  a  form  of  vertical  fire  tube, 
3  in.  by  3  in.  by  12  in. 

Recognition  of  Treatment 

Finally,  let  us  take  a  look  at  the 
recognition  which  has  been  given  to 
treatment  of  wood.  We  shall  divide 
this  into  two  portions,  the  law  enforce¬ 
ment  and  the  insurance. 

Law  Enforcement 

The  problem  of  examining  and  cor¬ 
relating  the  requirements  of  the  many 
by-laws  throughout  Canada  is  slightly 
beyond  the  scope  of  this  paper.  How¬ 
ever,  we  have  checked  two  building 
codes,  that  of  the  City  of  Toronto, 
which  represents  a  major  city,  and  the 
National  Building  Code,  which  repre¬ 
sents  the  present  Canadian  thinking 
as  regards  an  ideal  building  code.  An 
examination  of  the  Toronto  Building 
Code  reveals  that  there  is  no  recogni¬ 
tion  given  to  the  fire  retardant  treat¬ 
ment  of  wood. 

The  National  Building  Code  of 
Canada  recognizes  treated  wood  as 
part  of  type  5  construction  (2)  which 
allows  the  use  of  fire  retardant  wood 
for  structural  members.  However,  a 
fire  resistance  rating  of  one  hour  is 
required  for  the  walls  of  these  build¬ 
ings  in  restricted  zones.  It  should  be 
noted  that  the  height  and  area  restric¬ 
tions  on  type  5  construction  compare 
unfavorably  with  normal  wood  frame 
construction  (type  4)  where  both 
types  are  allowed. 

Flameproof  wood  is  required  for 
the  joints  of  the  2%  in.  laminated 
wall  which  is  given  a  one  hour  rat- 
ing  (3).  This  is  the  one  other  recog¬ 
nition  found  in  the  National  Building 
Code. 


Insurance 

From  the  fire  insurance  point  of 
view,  with  the  exception  of  fire  door 
assemblies  which  have  been  mentioned 
earlier,  there  is  almost  no  recognition 
given  to  the  fire  retardant  treatment 
of  wood. 

Two  factors  govern  this  lack  of  sig¬ 
nificant  recognition.  Firstly,  the  r.ite 
structure  for  fire  insurance  is  compli- 
cated  and  is  greatly  dependent  on  the 
past  experience  in  the  area  concerne  d. 
When  one  allows  for  the  factors  of 
location,  occupancy,  and  building  con¬ 
struction,  it  leaves  very  little  extra 
weight  to  be  placed  upon  the  inter  or 
finish  which  the  treatment  of  wood 
mainly  affects.  In  addition,  the  apj  li- 
cation  of  a  coating  as  well  as  the  ma  n- 
tenance  of  the  coating  is  something 
which  is  in  doubt  and  very  diflic.ilt 
for  insurance  authorities  to  evale-.te 
by  present  inspection  methods.  .The -e- 
fore,  the  weight  of  this  treatment  is 
lessened  still  further.  In  general  this 
treatment  tends  to  be  placed  in  he 
housekeeping  category  and  very  small 
deductions  can  be  allowed  for  its  use. 

Summary 

In  conclusion  I  would  like  to  sum¬ 
marize  the  points  which  we  feel  ire 
important  in  this  work. 

1.  There  are  well  established  mi  th- 
ods  available  for  the  fire  retardant 
treatment  of  wood  in  order  to  decrease 
flame  spread,  the  fuel  contributed  to 
the  fire,  and  the  amount  of  smoke 
generated  during  combustion. 

2.  Standards  and  test  methods  are 
available  for  the  rating  of  this  treat¬ 
ment. 

3.  The  field  record  of  these  treat¬ 
ments  has  not  been  sufficiently  well 
established  to  warrant  substantial  rec¬ 
ognition  from  an  insurance  point  of 
view. 

4.  Other  than  in  the  case  of  fire 
doors,  sufficient  data  are  not  available 
as  to  the  fire  retardant  rating  of  wall 
construction  using  treated  wood,  .ind 
further  applied  research  is  required. 

5.  The  future  of  wood  treated  to 
reduce  combustibility  appears  to  be 
mainly  in  the  interior  finish  category 
in  cases  where  the  life  hazard  poten¬ 
tialities  are  paramount  and  the  spread 
of  fire  must  be  kept  within  reasor  able 
limits  for  sufficient  length  of  tin  e  to 
permit  evacuation  of  occupants. 

6.  To  date,  the  problem  of  w-^  ith- 
ering  does  not  appear  to  have  '^een 
solved  and  the  application  of  surface 
coatings  is  restricted  to  surfaces  pro¬ 
tected  from  weathering. 

As  can  readily  be  seen,  before  the 
fire  retardant  treatment  of  wood  will 
gain  a  status  that  will  material!}  in¬ 
crease  the  acceptance  of  wood  in  .on- 
(Continued  on  page  74) 
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Since  no'  appreciable  difference  has  been  found  between  the 
linear  shrinkages  determined  on  a  4  in.  and  a  1  in.  dimension,  a 
single  specimen  1  in.  radially  and  tangentially  and  4  in.  longitu¬ 
dinally  may  be  used  for  standard  tests.  Volumetric  shrinkage  may 
be  calculated  from  linear  shrinkages,  its  direct  determination  being 
unnecessary.  In  the  present  tests,  as  in  tests  done  elsewhere,  the 
observed  value  was  consistently  greater  than  the  calculated.  This 
difference  is  due  to  thermal  expansion,  as  the  oven-dry  specimens 
were  hot  when  linear  measurements  were  made.  Amendment  of  the 
standard  test  to  specify  cooling  of  the  oven-dry  specimens  before 
measuring  is  recommended. 


Introduction 

ETHODS  OF  DETERMINING  the 
shrinkage  of  wood  have  been 
standardized  by  the  British  Standards 
Institution  (1938)  and  the  American 
Society  for  Testing  Materials  (1930), 
the  two  methods  being  practically 
identical.  They  specify  that  tangential 
and  radial  shrinkages  be  determined 
on  specimens  1  in.  x  1  in.  x  4  in.,  the 
4  in.  dimension  being  in  the  direction 
in  which  shrinkage  is  being  measured, 
and  that  volumetric  shrinkage  be  de¬ 
termined  on  a  2  in.  X  2  in.  x  6  in. 
specimen.  Hence,  in  all,  three  sepa¬ 
rate  specimens  are  required  for  the 
determination  of  shrinkage,  and  if 
longitudinal  shrinkage  is  *ilso  to  be 
determined  presumably  a  fourth  speci¬ 
men  is  needed,  although  this  is  not 
specified  as  a  Standard  test. 

This  procedure  appears  to  be  rather 
uneconomical.  If  all  shrinkage  values 
could  be  determined  on  a  single  speci¬ 
men,  the  amount  of  material  required 
and  the  labor  involved  in  cutting  and 
conditioning  would  be  greatly  reduced. 
In  addition,  the  separate  determination 
of  volumetric  shrinkage  seems  to  be 
unnecessary  as  it  may  be  calculated 
from  the  linear  shrinkages,  to  which 
it  is  related  (Greenhill  1940),  accord¬ 
ing  to  the  formula 

TR 

V  =  T  -P  R  + 

~  ^  100 

whcT'  V  is  the  percentage  shrinkage 
in  V(,!ume,  and  T,  R  and  L  the  per¬ 
centage  shrinkage  in  the  tangential, 
fidiai  and  longitudinal  direction  re¬ 
spect' cely.  Neglect  of  the  longitudinal 
shrini  tge  does  not  usually  introduce 
ippre  able  errors. 

Ho  ever,  an  examination  of  pub- 
lishee  data  on  shrinkage  shows  some 
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disparity  between  observed  volumetric 
shrinkage  and  that  calculated  from 
linear  shrinkages.  For  example,  the 
data  given  by  Markwardt  and  Wilson 
(1935),  which  includes  values  for 
radial,  tangential  and  volumetric 
shrinkages  from  green  to  oven-dry  for 
104  hardwoods  and  53  softwoods, 
measured  in  accordance  with  the 
Standard  methods,  show  on  investiga¬ 
tion  that  the  percentage  volumetric 
shrinkage  calculated  from  linear 
shrinkages,  assuming  longitudinal 
shrinkage  to  be  negligible,  is  lower 
for  hardwoods  by  an  average  value  of 
1.2  percent  than  that  observed  directly, 
and  for  softwoods  by  about  0.3  per¬ 
cent.  In  each  case  the  difference  is 
highly  significant.  Neglect  of  the 
longitudinal  shrinkage  would  not  ac¬ 
count  for  the  difference,  in  the  case  of 
hardwoods  at  least. 

From  the  work  by  Harrar  (1942), 
appreciable  differences  can  be  shown 
to  exist  between  calculated  and  ob¬ 
served  volumetric  shrinkages.  For  90 
hardwoods  the  observed  percentage 
volumetric  shrinkage  is  greater  than 
the  calculated  by  an  average  of  0.9, 
although  longitudinal  shrinkages  for 
these  timbers  were  included  in  the 
calculations.  Harrar  does  not  give  de¬ 
tails  of  his  testing  methods,  except 
that  the  specimens  used  were  1  in.  x  1 
in.  X  8  in. 

The  tests  described  in  the  present 
paper  were  therefore  carried  out  in  an 
endeavour  to  determine  the  cause  of 
the  discrepancy.  To  enable  a  true  com¬ 
parison  to  be  made  volumetric  and 
linear  shrinkages  were  each  determined 
on  the  same  specimens. 

Experimental  Procedure 

In  order  to  obtain  a  comparison 
with  the  results  of  Markwardt  and 


Wilson,  the  standard  methods  were, 
in  general,  followed.  As  mentioned 
earlier  the  Standards  specify  1  in.  x  1 
in.  X  4  in.  specimens  for  radial  and 
tangential  shrinkage,  with  the  4  in. 
dimension  in  the  direction  in  which  the 
shrinkage  is  required,  and  2  in.  x  2 
in.  X  6  in.  specimens  for  volumetric 
shrinkage  measurements,  with  the  6 
in.  dimension  parallel  to  the  grain. 
In  addition  to  these,  specimens  1  in.  x 
1  in.  X  4  in.  with  the  4  in.  direction 
parallel  to  the  grain  were  used.  In 
order  to  compare  results  for  different 
types  of  specimens,  linear  and  volu¬ 
metric  measurements  were  made  on 
all  specimens.  The  specimens  were 
sawn  so  that  their  faces  were  tangen¬ 
tial  to  the  growth  rings,  and  edges 
radial,  or  vice  versa.  Longitudinal, 
tangential  and  radial  measurements 
were  made  on  each  specimen  to  an 
accuracy  of  0.00 1  in.  using  dial  gauge- 
comparators.  The  volume  was  deter¬ 
mined  by  measuring  the  increase  in 
weight  of  a  vessel  of  water  when  the 
specimen  was  supported  on  a  needle¬ 
point  and  immersed,  the  weight  being 
recorded  to  0.1  g.  for  the  1  in.  x.  1 
in.  X  4  in.  specimens  and  to  1  g.  for 
the  2  in.  X  2  in.  x  6  in.  specimens. 

Linear  and  volumetric  measure¬ 
ments  were  made  on  the  green  mate¬ 
rial,  and  specimens  were  allowed  to 
air-dry  to  about  12  percent  moisture- 
content.  Half  the  specimens  were  then 
reconditioned*  for  about  three  hours, 
for  the  removal  of  collapse  (Greenhill 
1938),  and  were  then  allowed  to  dry 
to  about  12  percent  moi.sture  content. 
Finally  all  specimens  were  oven-dried 
to  constant  weight  at  103°  ±  1°  C. 
They  were  weighed  and  measured  im¬ 
mediately  after  removal  from  the  dry¬ 
ing  oven,  given  a  thin  coating  of  par¬ 
affin  wax  by  dipping  momentarily  in 
molten  wax  while  still  warm  and 
their  volumes  were  determined  after 
the  wax  had  set.  Linear  and  volu¬ 
metric  shrinkages  from  green  to  oven 
dry  were  then  calculated. 

During  the  course  of  the  work  it 
was  decided  that  linear  measurements 
should  be  made  on  the  oven-dry  speci¬ 
mens  after  cooling  to  room  tempera¬ 
ture,  as  well  as  immediately  after  re- 

*  Immersed  in  steam  at  a  few  pounds  pressure. 
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TABU  1 


Mean  percentage  tangential  and  radial  ahrinkagea  from  green  to  oren-drj  obtained 
on  Tariooa  tn>n>  of  apeelmene 


Non-Recondltloned 

Reconditioned 

'"'^'TjQgeof  Speclmon'^ 

Tangential  ShrlnlLage  T  | 

Radial  Shrinkage  sl 

Tangential 

Shrinkage  t| 

Radial  Shrinkage  R 

Speei«8 

Tt 

Tr 

Tl 

Tt 

Ht 

B 

B 

8t 

B 

Bi 

a 

D 

□ 

B, 

B 

Rt 

Baealyptus  glgantea 

Alpine  ash 

10.25 

(10) 

11.22 

(10) 

10.69 

(8) 

"9.82 

(4) 

5.23 

5.41 

5.22 

4.92 

9.32 

(10) 

9.88 

(10) 

9.43 

(4) 

4.54 

4.83 

4.38 

4.64 

Bucalyptus  grandls 

Rose  gun 

11.78 

(17) 

11.81 

(17) 

10.66 

(17) 

11.63 

(9) 

5.63 

5.44 

5.17 

5.40 

9.70 

a7) 

9.58 

(17) 

9.46 

(17) 

9.98 

(8) 

4.95 

4.87 

4.96 

4.84 

Snealyptua  marginata 
Jarrah 

9.54 

(8) 

9.83 

(8) 

8.84 

(6) 

9.40 

(4) 

7.04 

6.86 

6.32 

6.68 

8.54 

(8) 

8.62 

(8) 

8.59 

(8) 

8.47 

(4) 

6.29 

6.27 

6.37 

6.22 

Eucalyptus  obliqua 
Messmate  strlngybark 

8.48 

(SO) 

8.42 

(17) 

8.70 

(19) 

8.47 

(9) 

4.08 

3.81 

3.80 

3.63 

6.42 

(19) 

6.70 

(18) 

6.72 

(20) 

6.84 

(10) 

3.60 

3.32 

3.34 

3.24 

Eucalyptus  pilularis 
Blackbutt 

10.37 

(5) 

11.39 

(5) 

10.86 

(5) 

V 

6.46 

6.57 

6.44 

7.38 

9.10 

(16) 

9.50 

(18) 

9.96 

(18) 

9.84 

(6) 

6.09 

6.00 

6.40 

6.48 

Eucalyptus  regnans 
Mountain  ash 

11,92 

^8) 

“(If 

12.08 

(14) 

12.11 

(4) 

9.52 

9.07 

8.63 

9.47 

“ill 

10.17 

(8) 

to.  26 
(14) 

7.04 

6.31 

6.62 

7.04 

Intsla  bljuga 

Kslla 

6.11 

(4) 

5.58 

(4) 

5.04 

(4) 

3.08 

(2) 

3.06 

3.10 

2.73 

2.71 

5.49 

(4) 

5.46 

(4) 

’(1? 

‘it? 

2.80 

2.92 

2.33 

2.56 

Neonauelea  sp. 

6.69 

(2) 

6.03 

(2) 

6.34 

(2) 

tif 

3.99 

4.32 

3.86 

2.98 

5.86 

(2) 

5.97 

(2) 

6.36 

(2) 

‘(55 

4.12 

3.98 

3.81 

3.57 

Octoneles  sumatrana 

Krlma 

’(3 

6.01 

(4) 

’(!? 

6.14 

(2) 

3.05 

3.18 

2.93 

3.16 

5.26 

(4) 

5.04 

(4) 

4.98 

(5) 

’•(3 

3.03 

3.02 

2.70 

2.96 

Plnua  rad lata 

Radlata  pine 

6.13 

(9) 

6.38 

(7) 

6.24 

(9) 

5.67 

(4) 

2.93 

2.80 

2.35 

2.29 

6.12 

(10) 

6.36 

(7) 

6.07 

(8) 

6.17 

(4) 

3.12 

2.60 

2.64 

2.60 

PoBietla  plnnata 

Taun 

7.92 

(2) 

7.78 

(2) 

7.65 

(2) 

7.84 

(1) 

5.90 

5.79 

5.36 

6.06 

7.44 

(2) 

7.18 

(2) 

"(15 

7.10 

(1) 

5.52 

3.68 

5.56 

5.27 

Pterocarpus  indlcus 

New  Guinea  rosewood 

4.12 

(4) 

3.87 

(4) 

3.89 

(4) 

3.63 

(2) 

2.51 

2.31 

2.43 

2.32 

3.51 

(4) 

3.19 

(3) 

^(4) 

"(15 

2.48 

2.27 

2.30 

2.19 

Teralnalla  complanata 
Termlnalla 

5.21 

(1) 

5.22 

(2) 

5.21 

(2) 

5.11 

(1) 

2.47 

2.44 

2.43 

1.99 

4.78 

(2) 

4.84 

(2) 

"(55 

2.08 

2.41 

2.18 

2.43 

Note.  Subseripte  t,  r  and  1  denote  1  in.  xl  in.  x4  in.  specimens  with  4  in.  dimension  In  tangential, 
radial  and  longitudinal  directions  reapectiTeljr,  and  v  denotes  2  in. x  2  in.  x6  in.  specimens. 


The  nunber  of  specimene  of  each  type  is  given  in  brackets. 


moval  from  the  oven.  It  was  only  pos¬ 
sible  to  do  this  for  reconditioned  ma¬ 
terial  of  five  species,  and  non-recon- 
ditioned  material  of  two  of  these,  the 
specimens  having  been  coated  with 
wax  when  the  cold  measurements  were 
ma'de.  The  linear  shrinkages  were  also 
calculated  on  the  basis  of  these  cold 
dimensions. 

Material  Used 

In  order  to  compare  the  shrinkages 
of  specimens  of  different  sizes,  all 
specimens  for  test  on  any  one  species 
were,  as  far  as  possible,  taken  from 
one  billet,  and  care  was  taken  that  all 
types  of  specimen  were  taken  from 
various  positions  in  the  billet,  and 
thus  any  effects  of  poor  matching 
were  minimized.  Material  from*  thir¬ 
teen  different  species  of  Australian 
and  South  West  Pacific  origin  was 
used;  these  included  one  softwood, 
some  eucalypts  which  collapse  badly 
and  other  hardwoods  representing  a 
range  of  densities. 

Results 

The  number  of  specimens  used  and 
the  average  tangential  and  radial 
shrinkages  to  oven-dry,  calculated  for 
each  type  of  specimen,  both  recondi¬ 
tioned  and  non-reconditioned,  using 
the  dimensions  immediately  after  re¬ 
moval  from  the  oven,  are  given  in 
Table  1.  Values  of  the  longitudinal 


and  volumetric  shrinkages  are  not  in¬ 
cluded,  but  the  longitudinal  shrink¬ 
age  was  usually  less  than  0.3  percent, 
and  the  approximate  volumetric  shrink¬ 
age  may,  of  course,  be  estimated  from 
tangential  and  radial  shrinkages. 

Table  2  gives  the  average  differ¬ 
ences  between  observed  and  calcu¬ 
lated  volumetric  shrinkages  for  each 
type  of  specimen,  volumetric  and 
linear  shrinkages  being  determined  on 
the  same  specimen.  It  also  gives  the 
difference  between  the  observed  volu¬ 
metric  shrinkage  and  that  calculated 
from  the  shrinkages  determined  strictly 
in  accordance  with  the  Standards,  i.e. 
the  tangential  shrinkage  of  the  speci¬ 
mens  measuring  4  in.  tangentially, 
and  similarly  for  radial  and  longitu¬ 
dinal  shrinkages,  the  observed  volu¬ 
metric  shrinkage  in  this  case  being 
obtained  from  2  in.  x  2  in.  x  6  in. 
specimens.  In  each  case  the  linear 
shrinkages  were  calculated  from  the 
dimensions  of  the  specimens  while 
still  hot. 

Discussion 

Effect  of  specimen  size:  The  re¬ 
sults  in  Table  1  enable  a  comparison 
to  be  made  between  the  linear  shrink¬ 
ages  determined  on  a  4  in.,  a  2  in. 
and  a  1  in.  dimension.  A  theoretical 
treatment  of  the  effect  of  specimen 
size  has  been  given  by  Greenhill 
(1936).  He  showed  that  the  meas¬ 


ured  tangential  shrinkage  determined 
on  a  4  in.  backsawn  specimen  will 
be  less  than  the  true  tangential 
shrinkage,  by  an  amount  depending 
on  the  curvature  of  the  growth  rings. 

In  the  appendix  a  theoretical  in¬ 
vestigation  more  general  than  that 
of  Greenljill  (1936)  is  given  for 
the  effect  of  growth  ring  curvature 
on  the  measured  tangential  shrink¬ 
age,  and  it  can  be  seen  that  the  effect 
is  dependent  on  the  difference  be¬ 
tween  tangential  and  radial  shrink¬ 
ages  and  on  the  ratio  of  the  radius 
of  curvature  of  the  growth  rings  to 
the  length  of  the  specimen.  This  is 
shown  graphically  in  Figure  3. 

In  the  examination  of  Table  I,  it 
should  be  taken  into  account  that  on 
the  above  reasoning  the  measured 
radial  shrinkage  is  not  affected  by 
the  radius  of  curvature  of  the  growth 
rings.  The  variation  in  the  targen- 
tial  shrinkage  of  any  one  species 
with  the  size  of  specimen  does  not 
appear  to  be  significantly  gr  ater 
than  that  in  radial  shrinkage,  and 
therefore  it  can  be  concluded  that 
in  the  present  tests  the  effect  of 
growth  ring  curvature  on  mea  ared 
tangential  shrinkage  was  negligible. 
The  specimens  represented  the  type 
of  material  .normally  used  for  rou¬ 
tine  shrinkage  determinations,  and 
except  for  about  six  specimen  the 
radius  of  curvature  of  the  growth 
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TABLE  S 


r 


Mecm  differences  between  obeerwed  end  esleulated  voliaietrle  shrinkages 
obtained  on  various  tjrpes  of  apeclmene. 


Difference  ® 

between  Obaerwed  and  Calculated  Percentage  Volimetrlo 
Shrlnkegee 

of  apeclmen** 

Bpeoloo 

Non-recondltloned  | 

Reconditioned  | 

4V, 

AV, 

AV, 

AV, 

Euealjrptoi  glgantoa 

.30 

.44 

.39 

.85 

-.02 

.55 

.53 

.37 

.44 

.34 

EuoalTptua  grandla 

-.06 

.01 

.55 

.85 

.69 

.00 

.33 

.32 

.62 

.86 

Euealyptua  margln'ata 

.32 

.07 

.29 

.49 

.06 

.36 

.17 

.25 

.40 

.32 

Buealjrptua  obliqua 

.06 

.21 

.51 

.66 

.44 

.16 

.44 

.42 

.85 

1.23 

EuealTptua  pllularia 

.27 

.22 

.94 

.67 

2.56 

-.03 

-.08 

.20 

.37 

1.51 

Eucalpptua  regnana 

-.55 

-.65 

.77 

l..;4 

1.78 

-.27 

.18 

.68 

.77 

1.27 

Intala  bljuga 

.67 

.85 

.86 

.58 

-.84 

.92 

.76 

.95 

.30 

-.58 

Beonauclea  ap. 

1.01 

.56 

.43 

.56 

-.13 

.62 

.99 

.70 

.40 

.67 

Oetooelea  avmatrana 

.35 

.50 

.30 

.39 

.77 

.40 

.64 

.36 

.60 

.47 

Plnua  radlata 

.29 

-.09 

.02 

.43 

-.41 

-.09 

-.23 

-.03 

.40 

.55  ! 

Ponetla  plnnata 

.72 

.61 

.94 

.58 

.75 

1.04 

.61 

1.08 

.06 

-.51 

Pteroearpoa  Indlcua 

.30 

.42 

.22 

.61 

.04 

.46 

.63 

.12 

.62 

.21 

Termlnalla  coaplanata 

.70 

.60 

.16 

.59 

-.01 

.83 

.72 

1.16 

.58 

.99  j 

Speclea  Mean 

0.34** 

0.29* 

0.49»» 

0.65“ 

0.44 

;n.3.) 

0.40*» 

0.44** 

0.51“ 

0.49** 

0.56»» 

Bote;  *  The  difference  le  positive  If  the  observed  shrinkage  Is  greater  than  the  esleulated 
shrinkage. 

**  Por  explanation  of  subscripts  t,  r,  I  and  v  see  footnote  to  Table  1. 

a  denotes  that  the  volunetrle  shrinkage  was  observed  directly  on  2  In.  x2  In.  x6  In. 
specimens,  and  was  eompared  with  the  value  calculated  from  linear  shrinkages 
determined  on  the  4  In.  direction  of  1  In.  x i  in.  x  4  In.  specimens. 

*  Significant  at  5  per  cent,  probability  level. 

**  Significant  at  1  per  cent,  probability  level. 

N.S.  Not  significant. 


rin^s  was  more  than  4  in.,  and  in 
mONr  cases  it  was  well  over  5  in.,  so 
that,  as  can  be  seen  from  Figure  3, 
a  l.irge  effect  of  specimen  size  is  not 
to  1  e  expected. 

Although  a  statistical  analysis  of 
the  results  in  Table  1  has  not  been 
carre’d  out,  no  appreciable  effect  of 
spe.  imen  size  on  either  tangential  or 
rad  d  shrinkage  is  apparent.  Thus 
the  '•e  results  justify  the  use  of  1  in.  x  1 
in.  X  4  in.  specimens,  the  4  in.  direc¬ 
tion  being  along  the  grain,  for  the  de¬ 
termination  of  transverse  shrinkages, 
instead  of  using  specimens  4  in.  in 

I  the  direction  in  which  shrinkage  meas¬ 
urements  are  required  as  specified  by 
A.S  T.M.  and  B.S.I. 

The  use  of  4  in.  longitudinal  speci¬ 
mens  has  a  number  of  advantages.  It 
is  sometimes  difficult  to  obtain  a  4  in. 
specimen  which  is  truly  tangential  or 
truly  radial  from  material  supplied  for 
shrinkage  tests,  and  by  using  the  same 
specimen  for  radial,  tangential  and 
longitudinal  shrinkage  measurements 
the  total  amount  of  material  required 
is  reduced,  as  is  the  work  involved  in 
cutting  and  conditioning.  Any  error  in 
the  tangential  shrinkage  due  to  a 
small  radius  of  curvature  of  the  growth 
rings  will  be  minimized,  so  that  the 
!  value  obtained  will  be  nearer  to  the 
tme  tangential  value.  The  reduction 
in  percentage  accuracy  in  measuring  a 
1  in.  instead  of  a  4  in.  specimen  is 
not  significant  when  the  variation  in 
transverse  shrinkage  throughout  a  spe¬ 
cies,  or  even  in  one  tree,  is  considered. 

The  use  of  4  in.  longitudinal  speci¬ 
mens  is  also  advocated  by  Kiihne  and 
Vodoz  (1951),  who  found  2.5  cm.  x 
2.5  cm.  X  10  cm.  to  be  the  most  satis¬ 
factory  specimen  size  for  their  shrink¬ 
age  determinations  with  Swiss  woods, 

I  the  10  cm.  dimension  being  in  the 
j  longitudinal  direction. 

I  It  is  obvious  from  Table  2  that  the 
^  present  work  has  demonstrated  differ¬ 
ences  between  observed  and  calcu¬ 
lated  volumetric  shrinkages  similar  to 
those  that  can  be  computed  from 
Markwardt  and  Wilson’s  results.  That 
this  cannot  be  explained  by  the  use  of 
different  specimens  in  obtaining  linear 
and  volumetric  shrinkages  is  shown 
by  the  fact  that  differences  of  the 
same  order  of  magnitude  were  ob- 
taine;!  between  calculated  and  observed 
volumetric  shrinkages  for  any  one 
specimen. 

The  difference  is  not  much  changed 
by  reconditioning,  except  perhaps  with 
Enai/]Mus  regnans,  where  in  some 
speciiMcns  very  pronounced  collapse 
and  onsequent  severe  distortion  of 
spec.ui>ens  occurred,  and  thus  linear 
shrin’-:,ige  measurements  were  of  low 
accuracy. 

In  addition,  from  the  preceding 
discu  :on  it  is  obvious  that  any  error 
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in  the  tangential  shrinkage  due  to  a 
small  radius  of  curvature  of  the  growth 
rings  is  not  appreciable,  .and  so  can¬ 
not  provide  an  explanation  of  the  ob¬ 
served  difference. 

Effect  of  thermal  expansion:  Dur¬ 
ing  the  course  of  the  work,  however, 
it  was  realized  that  the  thermal  ex¬ 
pansion  may  have  a  significant  effect 
on  the  oven  dry  measurements.  For 
this  reason,  as  was  mentioned  earlier, 
the  linear,  dimensions  of  the  specimens 
were  determined  both  warm,  before 
coating,  and  on  cooling  after  coating 
for  five  species.  Linear  shrinkages  were 
calculated  using  both  these  sets  of 
values,  and  the  differences  between 
the  observed  volumetric  shrinkages 
and  those  calculated  from  these  two 
sets  of  linear  shrinkages  can  be  com¬ 
pared  in  Table  3.  It  can  be  seen  that 
the  difference  is  considerably  reduced 
by  using  the  linear  shrinkages  deter¬ 
mined  on  the  cold  dimensions.  On 
the  average,  the  differences  are  prob¬ 
ably  not  significant  when  thus  calcu¬ 
lated,  except  when  different  types  of 
specimens  are  used  for  each  type  of 
shrinkage  determination.  In  this  latter 
case,  it  is  not  possible  to  test  for  sig¬ 
nificance  but  differences  between  speci¬ 
mens  may  be  expected  to  cause  a 
greater  difference  in  shrinkage. 

Thus  the  difference  between  calcu¬ 
lated  and  observed  volumetric  shrink¬ 
ages  appears  to  be  largely  explained 
by  the  fact  that  the  volumetric  meas¬ 
urements  were  made  on  cool  speci¬ 
mens,  whereas  the  linear  measure¬ 
ments  were  made  on  warm  specimens. 
The  same  procedure  was  followed  by 
Markwardt  and  Wilson  (1935) 
(Markwardt  1953),  no  reference  be¬ 
ing  made  in  the  Standard  tests  to  the 
need  for  cooling  before  measuring. 


An  interesting  check  on  this  con¬ 
clusion  may  be  made  by  estimating  the 
maximum  thermal  expansion  from 
values  of  the  linear  thermal  expansion 
coefficients.  Weatherwax  and  Stamm 
(1947)  give  the  tangential  coefficients 
of  Sitka  spruce  between  0  and  50°C. 
as  3.46  X  10“’  °C.,  the  radial  as 

2.39  X  10~*‘  per  °C.  and  the  longi¬ 
tudinal  as  3.5  X  10~”  per  °C.,  so  that 
the  volumetric  coefficient  is  6.2  X  10“'"’ 
per  “C.  Thus,  in  cooling  from  100°C. 
to  20°C.,  a  change  in  volume  of  0.5 
percent  can  be  expected.  Examination 
of  Table  3  shows  that  the  difference 
between  observed  and  calculated  volu¬ 
metric  shrinkages  is  reduced  by  about 
0.2  percent  on  cooling.  This  is  in  rea¬ 
sonable  agreement  with  the  above  esti¬ 
mate  as  specimens  had  probably  cooled 
slightly  from  100°C.  I^fore  measure¬ 
ments  were  made.  Other  factors  may 
also  affect  the  results.  The  difference 
observed  in  Markwardt  and  Wilson’s 
(1935)  results  for  hardwoods  is  some¬ 
what  greater,  but  would  be  reduced  if 
longitudinal  shrinkages  were  included. 

In  view  of  the  large  effect  of 
thermal  expansion,  it  is  recommended 
that  in  the  determination  of  linear 
shrinkages  specimens  be  allowed  to 
cool  to  room  temperature  before  meas¬ 
uring  in  the  oven-dry  state.  This  cool¬ 
ing  should  preferably  take  place  in  a 
desiccator  although  specimens  allowed 
to  cool  exposed  to  the  air  in  the  lab¬ 
oratory  showed  after  half  an  hour  a 
gain  in  weight  of  less  than  0.3  per¬ 
cent,  which  was  not  sufficient  to  cause 
appreciable  swelling. 

Effect  of  other  factors:  The  pos¬ 
sibility  that  the  difference  between  ob¬ 
served  and  calculated  shrinkages  may 
be  partly  due  to  factors  other  than 
thermal  expansion  was  also  investi- 
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TABLE  3 


Comparison  of  mean  differences  between  observed  and  calculated  volumetric 
shrinkages,  with  linear  shrinkages  determined  on  both  hot  and  cold  specimens 


Difference  AV  between  Observed  and  Calculated  Percentage  Volxanetrlc  Shrinkage'*' 


Linear  Shrinkages  Determined  I  Linear  Shrinkages  Determined  on 

on  Hot  Uncoated  Oven-dry  Specimens  |  Cold  Coated  Oven-dry  Specimens 


of  Spec  Imen’*"*' 

Species 

AV, 

AV, 

AVj 

Non-recondltioned 

material 

Eucalyptus  gigantea 

.30** 

.44*  * 

.39** 

.05  N.S. 

.17* 

.47** 

.40** 

-.46 

Plniis  radlata 

.29** 

-.09  N.S. 

.02  N.S. 

.43** 

-.41 

.07  N.S. 

-.28** 

.18  N.S. 

.28*' 

-.65 

Mean 

.30 

.18 

.20 

.64 

-.22 

.06 

-.06 

.32 

.34 

-.56 

Reconditioned  material 

Eucalyptus  gigantea 

.55** 

.53** 

.37** 

.44** 

.34 

.36** 

.22** 

.44** 

-.03  N.S, 

-.05 

Eucalyptus  grandls 

,00  N.S. 

.33** 

.32»* 

.62** 

.86 

-.17** 

.18  N.S. 

.02  N.S. 

.12  N.S. 

.72 

Eucalyptus  obllq\ia 

.18** 

.44*  • 

.42** 

.85** 

1.23 

-.05  N.S. 

.21** 

.18** 

.51** 

1.07 

Eucalyptus  pllularis 

-.03  N-.S. 

-.08  N.S. 

.20** 

.37** 

1.51 

-.28** 

-.27** 

-.10* 

.00  N.S. 

1w38 

Plnus  radlata 

-.09  N.S. 

-.23* 

-.03  N.S. 

.40** 

.55 

-.40** 

-.43** 

-.28** 

.22  N.S. 

.26 

I  Mean 

.12 

.20 

.26 

.54 

.9fi 

-.11 

-.02 

»05 

.16 

.68 

Note:  The  difference  Is  positive  if  the  observed  shrinkage  Is  greater  than  the  calculated. 

++  For  explanation  of  t,  r,  I,  v,  a  see  footnotes  to  Tables  1  and  2. 

*  Significant  at  5  per  cent,  probability  level. 

••  Significant  at  1  per  cent,  probability  level. 

N.S.  Not  slgnlf ICEUit. 


gated.  To  this  end  volumes  were  com¬ 
puted  from  the  linear  dimensions  both 
in  the  green  state  and  immediately 
after  removal  from  the  oven,  and  the 
differences  between  the  volumes  thus 
calculated  and  those  observed  directly 
were  obtained.  The  results,  averaged 
over  all  species,  are  shown  in  Table  4. 
It  is  apparent  that  the  difference  in 
volumes  is  greater  for  the  oven-dry 
material,  although  it  is  still  appreciable 
for  green  material  where  specimens 
are  truly  square.  Two  factors  can 
affect  the  accuracy  of  the  determina¬ 
tion  of  green  volume,  namely,  the 
density  of  water  and  penetration  of 
the  green  wood  by  water. 

Any  error  due  to  the  density  of  the 
water  should  have  the  same  effect  both 
green  and  oven-dry,  so  that  it  cannot 
account  for  the  difference  between  the 
observed  and  calculated  shrinkages. 
It  may,  however,  account  for  part  of 
the  observed  difference  in  volume  as 
the  density  of  the  water  has  been 
taken  as  1  g.  per  ml.  in  all  measure¬ 
ments,  instead  of  the  true  value  of 
0.997  g.  per  ml.  at  2‘>°C.,  so  that  the 
observed  volumes  may  be  less  than  the 
true  volumes  by  about  0.3  percent. 
From  Table  4  it  is  clear  that  the  ob¬ 
served  volume  was  less  than  the  cal¬ 
culated,  the  mean  difference  being 
about  0.6  percent  of  the  volume. 

Variation  in  the  degree  of  penetra¬ 
tion  of  water  into  the  pores  of  wood 
may  account  for  the  difference  in 
shrinkages  to  some  extent,  as  the  4  in. 
tangential  and  4  in.  radial  specimens, 
which  had  a  larger  area  of  end  grain 


exposed,  showed  a  slightly  greater  dif¬ 
ference  in  volume  than  did  the  4  in. 
longitudinal  and  6  in.  volumetric 
specimens.  This  cannot  be  a  complete 
explanation,  however,  as  the  differ¬ 
ence  in  green  volumes  does  not  seem 
to  depend  on  the  density  or  void  vol¬ 
ume  of  the  wood. 

The  oven-dry  volume  may  be 
affected  by  the  thickness  of  the  par¬ 
affin  coating  as  well  as  by  the  density 
of  water  and  the  thermal  expansion  of 
the  wood.  Although  this  would  tend 
to  make  the  observed  oven-dry  volume 
greater  than  that  calculated  from  the 
dimensions  of  the  uncoated  specimens, 
and  thus  cannot  account  for  the  dif¬ 
ference  found  in  shrinkages  as  this 


was  of  the  opposite  sign,  some  icsts 
were  done  to  determine  whether  it  is 
responsible  for  any  error  in  the 
volume. 

The  actual  thickness  of  the  paraffin 
coating  was  not  measured  in  the  main 
tests,  as  specimens  had  to  be  coated 
while  still  warm,  and  thus  thermal 
expansion  effects  could  not  be  distin¬ 
guished  from  those  of  coating  tliick- 
ness.  However,  in  a  separate  experi¬ 
ment,  a  few  specimens  were  allowed 
to  cool  over  phosphorus  pentoxide  in 
a  desiccator  and  w'cre  measured  at 
room  temperature.  They  were  replaced 
in  the  oven  until  heated,  and  then 
coated  with  paraffin.  On  cooling  to 
room  temperature  after  coating,  no  in- 


TABLE  4 

Mean  differences  between  observed  and  calculated  volunea 
for  green  and  oven-dry  material 

(Results  averaged  over  all  species,  and  all  reconditioning 
treatments) 


Type  of  Specimen 

Difference  between  Observed  and 
Calculated  Volumes  as  a  Percent'.ge 
of  the  Nominal  Volnne  when  Greet 

Green 

Oven-dry 

1  in.  X  1  in.  x4  In.  Tangential 

-.71 

-1.00 

1  in.  X  1  in. X  4  in.  Radial 

-.67 

-  .98 

1  in.  X  1  in.  X  4  in.  Longitudinal 

-.53 

-  .98 

2  in.  X  2  in.  x6  in.  Volumetric 

-.49 

-1.01 

_ 

Note:  In  each  case  the  observed  volune  was  less  than  the  calcule .ed 

voltme. 
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crcjse  in  the  dimensions  could  be  de¬ 
tec,  .d,  so  that  it  can  be  assumed  that 
the  thickness  of  coating  is  practically 
neuigible,  most  of  the  wax  entering 
the  pores. 

T  hus  it  appears  that  any  effect  of 
the  j-)enetration  of  water  into  the  green 
spe  imen,  or  of  the  thickness  of  the 
par  irtin  coating  on  the  oven-dry  speci- 
mc  ,  is  outweighed  by  the  effect  of 
thermal  expansion  so  that  the  calcu¬ 
lated  shrinkage  is  usually  found  to  be 
less  than  that  observed  directly.  The 
prc  v.nt  work  has  only  investigated  the 
volumetric  shrinkage  of  one  non-pored 
woeJ,  so  that  it  cannot  explain  the 
difference  observed  in  Markwardt  and 
Wilson’s  (1935)  results  between  the 
behaviour  of  softwoods  and  hard¬ 
woods. 

Recommendations 

As  a  result  of  these  investigations, 
two  important  amendments  to  the 
Standard  testing  procedure  are  recom¬ 
mended,  namely: — 

(i)  In  order  to  eliminate  the  errors 
in  shrinkage  determinations  due  to 
thermal  expansion,  oven-dried  speci¬ 
mens  shall  oe  allowed  to  cool  to  room 
temperature  before  measuring,  and 
(ii)  All  linear  shrinkage  measure¬ 
ments  may  be  carried  out  on  a  single 
1  in.  X  1  in.  x  4  in.  specimen,  the 


Effect  of  Curvature  of  Growth  Rings 
on  Measured  Tangential  Shrinkage 
Consider  a  specimen  of  length  L, 
measured  along  its  central  axis,  the 
radius  of  curvature  of  the  growth 
rings  at  the  centre  of  the  specimen 
being  R.  (See  Figure  1.)  Consider  an 
element  of  length  dx,  distance  x  from 
the  centre  of  the  specimen.  DCE  is 
tangential  to  the  growth  rings  and 
passes  through  the  centre  of  the  seg¬ 
ment; 

DCA  =  G.  (See  Figures  1  and  2.) 
Draw  AM  perpendicular  to  DCE. 
Shrinkage  along  DCE  is  tangential, 
and  assume  M  moves  to  M'  and  A  to 
A'  so  that  A'M'  =  AM.  Shrinkage 
along  A'M'  is  radial,  and  assume  A' 
moves  to  A".  The  centre  line  will  then 
form  an  arc,  the  projection  of  whose 
chord  parallel  to  AB  is  measured,  i.e. 
measured  length  of  clement  =  2CF, 
where  A"F  is  perpendicular  to  AB. 


2CF  =  2(CA  —  MM'  cos  O  —  A'A"  sin  O) 


But  MM' =— CM  =— CAcosO 
100  100 


and  AA'  =  —  A'M'  =  —  AM 
100  100 


100 


CA  sin  O 


where  t  =  true  tangential  shrinkage  (%) 
and  r  =  true  radial  shrinkage  (%) 


•.  2CF  =  2CA(1 - - — cos-’O - ^sirT-  O) 

^  100  100  ^ 


dx 


1  — 


R^t-r) 


100  100(x-  R2) 

Measured  length  of  centre  line  after  shrinkage 

R=(t-r) 


100  100(x2  Ri*) 


dx 


/  r  .  2R  ^  ^  L 

(L(l - ) - (t— r)  artan-— 

''  lOO'^  ^  2R 

.-.  Measured  tangential  shrinkage  (%) 
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Decay  Prevention  in  Wooden  Steps  and  Porches 
Through  Proper  Design  and  Protective  Treatments' 


Pathologist,  Division  of  Forest  Pathology,  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  U.  S.  Department  of 
Agriculture,  in  cooperation  with  the  Southern  Forest  Experiment  Station 


A.  F.  VERRALL 


Describes  tests  conducted  and  results  to  determine  effect  of 
various  treating  methods  as  well  as  effect  of  framing  methods 
to  prevent  or  retard  decay  of  porch  floors,  steps,  window  framing 
and  other  exposed  wood  parts. 


WOOD  IS  ONE  of  the  most  versa¬ 
tile  and  widely  used  building 
materials.  Its  permanence  in  properly 
designed  and  constructed  buildings  is 
apparent  from  the  many  houses  in  all 
parts  of  the  country  that  have  lasted 
for  many  years.  However,  certain  parts 
of  houses,  such  as  porches  and  out¬ 
side  steps,  present  considerable  decay 
hazard.  Decay  is  most  likely  to  occur 
if  sapwood  lumber  is  used  in  construc¬ 
tion.  This  hazard  has  increased  now 
that  we  must  rely  more  on  second- 
growth  lumber  with  a  higher  sapwood 
content.  Sapwood  is  not  decay  resistant 
and  its  greater  absorptiveness  makes  it 
sufficiently  wet  to  decay  more  fre¬ 
quently  than  heartwood. 

Although  many  porches  and  steps 
are  now  made  of  brick  and  concrete, 
much  wood  continues  to  be  used  for 
these  purpose's,  particularly  in  low- 
cost  housing.  In  1941  studies  were 
started  in  southern  Mississippi  to  de¬ 
termine  how  much  decay  could  be 
controlled  in  outside  steps  and  porches 
by  varying  designs  or  by  using  home 
applications  of  preservatives. 

Decay  Prevention 

Decay  is  the  breakdown  of  wood  as 
a  result  of  fungi  feeding  on  it.  Be¬ 
cause  furigi  are  plants,  they  need  suit¬ 
able  food  and  moisture  for  their 
growth.  From  this  we  derive  the  keys 
to  decay  control  in  steps,  porches,  and 
other  exterior  woodwork  in  buildings. 
These  are:  (1)  Use  designs  that  re¬ 
strict  wetting  and  permit  rapid  drying 
if  wetting  occurs,  (2)  use  a  naturally 
durable  wood,  or  (3)  use  wood  pro¬ 
tected  with  a  preservative. 

Molds  and  staining  fungi  do  not  re¬ 
duce  strength  but  they  do  make  the 
wood  more  water  absorptive,  which  of 
course  means  faster  decay.  Also,  badly 
stained  wood  is  likely  to  harbor  a  de¬ 
cay  fungus  even  though  no  actual  de¬ 
cay  is  visible.  These  incipient  decay 
infections  may  remain  alive  for  long 
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periods  in  dry  wood  and  revive  each 
time  the  wood  becomes  moist. 

Designs  to  prevent  wetting:  If 
wood  can  be  kept  below  20  percent 
moisture  content,  it  will  not  decay. 
Occasionally  wooden  porches  and 
steps  are  well  protected  by  wide  eaves 
or  awnings  which  keep  off  practically 
all  rain.  Decay  in  such  cases  is  a  small 
problem.  Usually,  however,  steps  and 
porches  are  wetted  regularly  by  rains 
and  thus  present  a  high  decay  hazard. 

The  results  of  tests  to  determine 
how  much  proper  design  of  step  and 
stoop  rails  can  be  used  for  reducing 
decay  rate  in  the  South  have  been  pub¬ 
lished  (3).  Such  designs  as  a  step  rail 
extending  down  over  the  newel  allowed 
distinctly  less  wetting  and  decay  than 
a  step  rail  abutting  the  side  of  a  newel. 
Even  though  designs  promoting  drain¬ 
age  should  always  be  used,  these  tests 
showed  that  design  alone  usually  can¬ 
not  be  relied  on  for  long-time  decay 
protection  of  exposed  structures  made 
of  sapwood.  The  untreated  steps  listed 
in  Table  1  and  shown  in  Figure  1 
were  constructed  of  various  designs. 
A  number  of  comparisons  were  made: 
Conventional  notched  carriages  cov¬ 
ered  by  the  treads  vs.  simple  carriages 
with  cleats  on  the  side  to  hold  the 
treads;  solid  tread  vs.  treads  of  three 
separated  pieces;  risers  extending 
down  back  of  treads  vs.  risers  extend¬ 
ing  down  to  the  tread  top;  separation 
of  treads  and  carriages  by  roll  roofing 
vs.  direct  contact  or  the  use  of  washers 
to  provide  an  air  space  between  treads 
and  carriages.  In  each  case  the  design 
that  theoretically  should  allow  least 
water  seepage  into  joints  decayed  at 
the  slower  rate.  However,  again  the 
protection  afforded  by  design  was  not 
sufficient  to  warrant  its  use  alone  for 
long-time  protection  against  decay. 

The  findings  mentioned  above  have 
been  substantiated  by  widespread  ob¬ 
servations.  Where  a  decay  hazard  ex¬ 
ists,  best  protection  should  result  from 
good  design  coupled  with  the  use  of  a 


preservative  or  a  durable  wood.  S  ime 
common  practices  that  help  in  d  xay 
prevention  are:  Using  white  lead  to 
seal  flooring  joints  (See  table  1),  de¬ 
signing  step  rails  so  that  water  f  ows 
past  joints;  sloping  step  treads  and 
porch  floors  to  promote  drainage;  pro¬ 
viding  drains  under  screen  rails;  when 
feasible  protecting  the  wood  by  vide 
eaves  or  awnings  to  prevent  as  ir.uch 
wetting  as  possible;  placing  step'  on 
concrete  or  stone  several  inches  a'we 
ground  line.  A  solid  tread  on  a  con¬ 
ventional  notched  carriage  is  superior 
to  treads  of  several  pieces  or  a  si.'nple 
carriage  with  side  cleats  to  hold  the 
treads.  The  area  below  a  porch  or  step 
should  be  well  ventilated. 

When  the  main  reliance  is  placed 
on  design  rather  than  design  plus  a 
preservative  treatment,  it  is  important 
that  the  lumber  used  be  fully  seasoned 
and  free  of  mold,  stain,  or  decay. 
There  is  no  sure  method  to  determine 
easily  whether  wood  is  free  of  fungus 
infections.  However,  most  infections 
can  be  avoided  by  using  bright,  dry 
lumber.  In  tests  with  pine  sapwood 
porch  columns  in  South  Mississippi, 
those  with  incipient  decay  prior  to 
construction  decayed  twice  as  fast  as 
others  cut  from  the  same  boards  but 
free  of  incipient  decay.  A  similar  re¬ 
lationship  is  believed  to  exist  with 
siding  (4).  Thus  if  any  lumber  that 
is  not  bright  is  used  where  it  may  be¬ 
come  rain  wetted  it  particularly  should 
be  protected  by  a  preservative  treat¬ 
ment  as  well  as  good  design.  However, 
if  a  surface  treatment  only  is  given, 
internal  decay  may  occur  despite  the 
preservative  treatment. 

The  use  of  durable  woods:  Such 
woods  as  baldcypress  and  redwood 
have  heartwood  that  is  very  resistant 
to  most  decay  fungi.  Other  wood',  such 
as  dense  southern  yellow  piiv  and 
Douglas-fir,  have  moderately  C  irable 
heartwood.  In  sections  where  all  heart- 
wood  lumber  of  such  species  is  avail¬ 
able  at  sufficiently  low  cost,  th  ir  use 
for  porches,  steps,  columns,  an  I  rail¬ 
ings  will  greatly  reduce  the  amc  int  of 
decay.  The  sapwood  of  any  ol  these 
species,  however,  has  no  appreciable 
resistance  to  fungus  attack.  In  many 
localities  considerable  amounts  of  sap- 
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Figure  1. — Field  plots  for  studying  control  of  decoy  in  outside  D,  Porch  flooring  panels  with  o  roof  from  which  runoff  strikes  the 

steps  and  porches.  A,  Wooden  steps  of  various  designs;  B,  Step  edge  of  the  flooring, 

rails  and  window  shutters;  C,  Flooring  panels  fully  exposed;  and 


wood  must  now  be  accepted  with 
"durable”  species  so  we  can  now  put 
less  reliance  on  them  for  decay  control. 

Protective  chemical  treatments: 
Wood  impregnated  with  suitable  pre¬ 
servatives  will  give  many  years  of 
service  under  severe  exposure.  Too 
frequently,  commercially  impregnated 
wood  is  not  available  in  the  sizes  and 
grades  needed  for  steps,  porch  floor¬ 
ing,  and  step  rails.  It  frequently  can 
be  secured  for  sills  and  framing  but 
the  finish  items  often  must  be  treated 
on  the  job.  To  secure  service  data  on 
pine  sapwood  given  brush,  dip,  and 
short-period  soak  treatments  and  ex¬ 
posed  under  severe  conditions,  tests 
were  started  in  southern  Mississippi 
in  1941  (figure  1).  Test  units  con¬ 
sisted  of  2  X  2-foot  porch  flooring  pan¬ 
els  lully  exposed,  4  x  8-foot  flooring 
pan.  Is  exposed  under  the  edge  of  a 
root,  exterior  steps  of  several  designs, 
a  ut:it  simulating  the  joint  of  step  rail 
to  newel,  the  base  of  a  solid  porch 
column,  window  shutters,  and  joint  of 
a  2  s  4  against  a  2  x  6  not  simulating 
any  building  structure.  All  units  were 
exp.  sed  off  the  ground  but  subject  to 
rail,  seepage  at  joints  (figure  1).  The 
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preservatives  used,  method  of  applica¬ 
tion,  type  of  wood  used  and  absorp¬ 
tions  or  the  preservative  are  given  in 
Tables  1  and  2.  Further  details  on  t^t 
methods  are  given  in  previous  reports 
3). 

Decay  development  after  4  to  8 
years’  exposure  has  already  been  de¬ 
scribed  (2,  3).  Later  readings  are  pre¬ 
sented  in  Tables  1,  2,  3,  and  4.  Fig¬ 
ures  2  and  3  illustrate  typical  results. 

Untreated  test  units  began  to  fail 
after  2  years’  exposure  and  most  were 
gone  within  4  to  5  years.  The  data 
for  untreated  units  are  largely  based 
on  early  readings  and  not  the  few 
samples  remaining  in  the  test  plots. 
Also  given  in  parentheses  or  footnotes 
are  actual  or,  where  untreated  samples 
remain,  estimated  average  service  life 
of  the  untreated  samples.  In  all  but 
the  steps  test  the  unpainted  samples 
had  a  shorter  service  life.  Whether 
or  not  painting  will  lengthen  service 
life  is  largely  academic  because  most 
buildings  are  painted  to  enhance  ap¬ 
pearance.  In  one  test,  joint  units  were 
painted  on  all  surfaces  except  those 
within  the  joint,  the  joint  carefully 
sealed,  and  the  units  repainted  after 


16  months.  Eighty  percent  of  the  units 
remained  decay  free  after  3  years  of 
outdoors  exposure.  Unpainted  units  in 
the  same  test  were  decayed  through¬ 
out  and  painted  units  with  open  joints 
were  intensively  decayed  at  the  joint 
only.  In  actual  buildings,  steps,  porch 
flooring,  siding,  etc.  are  usually  un¬ 
painted  on  the  back  sides  and  dimen¬ 
sional  changes  with  fluctuating  humidi¬ 
ties  cause  paint  films  to  break  at  joints 
soon  after  painting.  Consequently, 
paint  does  not  exclude  rain  water  but 
tends  to  limit  its  absorption  to  the 
region  of  joints.  Paint  tends  to  retard 
drying  once  the  wood  is  wet. 

In  painted  units,  those  given  a  brush 
application  of  a  preservative  or  the 
approximately  equivalent  5-second  dip 
showed  only  minor  decay  after  5.5 
years  (table  2)  but  18  and  25  percent 
of  the  samples  exposed  for  10.6  years 
(table  1)  showed  decay.  The  data  in 
Table  2  leave  little  doubt  that  early 
failure  can  be  expected  with  brush 
and  momentary  dips  when  the  treated 
samples  are  exposed  unpainted.  Al¬ 
though  long-time  protection  cannot’  be 
expected  from  brush  applications,  they 
are  still  recommended  when  better 
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Table  1.  KffectlTeneee  of  brueh,  dip,  end  eoek  treateente  with  oil-carried  preeerratlTee 
In  preeentliie  decw  of  pine  eigwood  expoeed  off  the  ground  but  subject  to  rain 

seepage  at  Joints. 


and  number  of  teet  and  treatment 

Xxposnre  ! 
period 

(years) 

Condition  of  lumber  | 

idien  treated 

t 

Absorption 

lbs./oii.ft. 

Percent 
places  with! 
daflnlts 
decay  , 

Average 
decay 
rating  ^ 

Ball  Test  #1 

X 

U.4  t 

X 

klla  dried  x 

5%  pentachlorophenol 1  15-Binate  soak,  painted 

: 

clear  t 

1.52  J 

0 

0 

da  ,  30-aluate  soak,  do 

: 

a 

1.57 

0 

0 

do  .  60-ailnute  soak,  do 

1 

X 

1.79 

0 

0 

thitreated.  painted 

: 

: 

100 

100(4.7) 

Ball  Test  ^ 

X 

10.6  : 

air-dried 

2/ 

5)1  pentachlorophenol ,  2  brush  coats  >  painted 

5)1  stain 

25 

16 

do  .  30-mlnute  soak,  do 

0 

0 

Copper  naphthenate  (2)(  Cu.),  2  brush  coats,  painted 

X 

18 

16 

do  (0.5)(  Cu.),  3C->In.  soak,  do 

13 

10 

Hon-toxlc  end  coating,  1  bru^  coat,  painted 

55 

52 

Untreated,  painted 

100 

92 

do  .  unpainted 

X 

100 

100(5.9) 

Ball  Test  #3 

6.3 

I^>eifectly  kiln  dried 

2/ 

5)1  penta^ilorophenol ,  3-bI»*  Alp,  painted 

6)1  stain 

7 

4 

do  ,  3-Bln*  dip  ^ ,  painted 

7 

4 

5)(  pentachlorophenol  *  mols.  repellent,  3  Alp,  painted 

: 

7 

4 

do  *  mols.  repel., 3  min.  end  dip  H,  do 

0 

0 

Untreated,  painted 

100 

82(4.5! 

Column  Test  ^1 

11.3 

Air-drlsd, 

2/ 

pentachlorophenol,  3C~'>A.n.  soak,  painted 

8)1  stain 

0 

0 

do  *  mole,  repellent,  3C-mln.  soak,  painted 

t 

0 

0 

Untreated,  painted 

100 

82(9.0) 

do  .  unpainted 

100 

100(8.0) 

Column  Test  #2 

11.0 

Probably  kiln  dried 

^■jHn 

■nn 

Jft  pentachlorophenol.  yi-mia.  soak,  painted 

t 

clear 

1.49 

0.^  phenyl  mercuric  oleate,  30-mln.  soak,  painted. 

X 

1.25 

53 

Untreated,  painted 

X 

100 

Shatter  Test 

11.4 

kiln  driad 

5)t  pentachlorophenol ,  3C'**A°>  soak,  painted 

X 

clear 

2.30 

0 

0 

do  ,  60-mln.  soak,  painted 

: 

2.54 

0 

0 

Untreated,  painted 

: 

- 

100 

78 

Porch  Ploorlng  Test  ^1 

VJI 

kiln  dried 

5)1  pentachlorophenol,  dip,  painted 

X 

trace  stain 

1.48 

0 

2 

do  *  mols.  repellent,  Alp,  painted 

X 

.88 

0 

2 

Untreated,  leaded  Joints,  painted 

• 

79 

78 

Untreated,  plain  Joints,  do 

• 

100 

100(3.5; 

Porch  flooring  Test  <2 

5.1 

X 

air-drledt  and 

5)1  pentachlorophenol,  3-iiiln.  dip,  painted 

kiln  driad 

2.30 

0 

10 

do  ,  3-»>in.  end  dip,  painted 

8)1  stain 

- 

100 

82 

5)1  pentachlorophenol  mols.  repellent.  3~>'A.n.  dip,  painted 

1.51 

50 

26 

•  do  do  ,3-aln  end  dip,  ■ 

• 

100 

88 

Untreated,  leaded  Joints,  painted 

.m 

100 

70 

do  ,  plain  Joints,  do 

X 

.. 

100 

100(3.5) 

Steps  Test 

7.2 

Imperfectly  kiln  dried 

2/ 

5p  pentachlorophenol  *  mols.  repellent,  3-min.  dip,  painted 

no  stain 

6 

4 

Untreated,  painted 

clear  to  moderate  mold. 

100 

94(4.0) 

Untreated,  unpainted 

averaging  light  4/ 

100 

88(4.5) 

ly  Decay  ratlnga  on  basis  of  0  (none)  to  100  (practically  destroyed).  All  ratings  were  based  on  external  evidence  of  decay 
and  small  amounts  of  unrecorded  decay  could  have  occurred.  Average  ratings  of  60  or  above  Indicate  most  of  test  unite 
would  need  replacement  In  actual  service. 

2/  Absorptions  not  determined. 

^  3-mlnute  end  dip  plus  2  brush  coats  on  sides. 

^  Lumber  entirely  clear  when  purchased  and  became  surface  rain-wetted  In  transit  and  mold  developed  during  re-drylng  period. 

e 

^  Average  service  life  In  years  given  In  parentheses.  In  the  few  cases  In  whl^  untreated  units  reaialn  In  serviceable 
condition  the  average  service  life  Is  estimated. 


methods  arc  not  feasible;  for  instance, 
use  5  percent  pentachlorophenol  plus 
a  moisture  repellent  or  copper  naph- 
thenatc  (2  percent  Cu)  and  keep  the 
treated  wood  well  painted. 

The  3-minute  dip,  which  has  be¬ 
come  more  or  less  standard  for  treat¬ 
ing  millwork,  has  permitted  only 
minor  decay  in  subsequently  painted 
samples  after  5.1,  5.5.  6.3,  and  7.2 
years’  exposure  (tables  1  and  2).  The 
only  real  failure  has  been  a  3-minute 
Jip  in  5  percent  zinc  chloride  in  water. 


In  the  step  test  only  6  percent  of  the 
boards  show'ed  decay  after  7.2  years’ 
exposure.  How'ever,  because  there  was 
some  mold  in  the  lumber  prior  to 
treatment,  absorptions  in  this  test  may 
have  been  somew'hat  high.  It  appears 
that  the  3-minute  dip  with  5  percent 
pentachlorophenol  plus  a  moisture  re¬ 
pellent  should  afford  at  least  5  to  10 
years’  protection  for  painted  w'ood 
with  only  minor  replacements  due  to 
decay.  As  w'ith  the  brush  application, 
the  3-minute  dip  was  not  highly  effec¬ 


tive  when  a  straight  preservative  was 
used  and  the  treated  wood  lef:  un¬ 
painted.  It  is  assumed  that  most  fail¬ 
ures  of  unpainted  wood  in  the  tests 
were  due  to  decay  entering  thr  )ugh 
seasoning  checks,  which  expose  un¬ 
treated  w'ood  beneath  the  treated  hell. 
When  a  moisture  repellent  w'as  a  ded, 
internal  decay  was  greatly  recuced, 
probably  because  of  reduced  si.  face 
checking  and  possibly  less  loss  of  the 
preservative.  Also  it  would  appear 
(tables  2  and  4)  that  use  of  a  h  avier 
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on  the  left  were  given  a  3-m!nute  dip  in  5%  pentachlorophenol 
plus  a  moisture  repellent;  the  next  3  boards  were  untreated;  C  and 
D,  Steps  after  7.2  years’  exposure,  showing  heavy  decoy  in  on 
untreated  step  and  no  decoy  in  one  given  a  3-minute  dip  in  5% 
pentachlorophenol  plus  a  moisture  repellent. 


Figure  2. — Results  of  preservative  tests.  A,  Step  rail  to  newel 
joint,  ripped  lengthwise  after  3  years'  exposure  to  show  heavy 
decoy  in  an  untreated  unit  and  no  decay  in  a  unit  soaked  for  15 
minutes  in  5%  pentachlorophenol.  The  latter  is  sound  after  11 
years;  B,  Porch  flooring  after  5.1  years'  exposure.  The  seven  boards 


carrier  for  the  preservative,  as  a  No.  2 
fuel  oil,  is  more  effective  on  unpainted 
wood. 

Samples  given  a  1 5-minute  or  longer 
soak  in  5  percent  pentachlorophenol 
with  or  without  a  moisture  repellent 
have  shown  no  definite  decay  after 
5.5  to  11.4  years.  This  applies  to  sam¬ 
ples  subsequently  painted  or  left  un¬ 
painted.  One  can  only  speculate  on 
how  long  complete  or  adequate  pro¬ 
tection  will  be  afforded  by  those  treat¬ 
ments  but  there  is  no  doubt  that  it 
would  be  long-time  protection  if  the 
structures  were  designed  to  reduce  de¬ 
cay  hazard  instead  of  increase  it  as  in 
the  case  of  test  units. 

These  tests  indicate  that  the  one 
w.iter-carried  preservative  tested 
(tables  2  and  4)  was  less  effective 
ti'.an  those  dissolved  in  oil.  In  the 
later-described  absorption  and  pene- 
tiJtion  studies,  oil  solutions  were 
tound  to  penetrate  much  further  into 
the  wood  than  did  the  water,  even 
tiiough  there  was  little  difference  in 
the  relative  amount  of  absorption  of 
'Viter  and  oil.  On  the  basis  of  current 
1  lowledge,  such  water-carried  pre- 
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servatives  as  zinc  chloride  arc  not  rec¬ 
ommended  for  on-the-job  treatment  of 
lumber  by  brush,  dip,  or  short-period 
soaks. 

Of  the  oil-carried  preservatives 
tried,  phenyl  mercuric  oleate  (at  0.2 
and  0.35  percent  and  without  a  water 
repellent)  has  not  given  good  protec¬ 
tion.  The  mercurial  afforded  good  pro¬ 
tection  for  a  few  years  but  by  1 1  years 
half  of  the  painted  samples  given  a 
30-minutc  soak  in  a  0.2  percent  solu¬ 
tion  showed  definite  decay  (tables  1 
and  3);  after  5.5  years  half  of  the 
unpainted  units  with  an  average  ab¬ 
sorption  of  3.67  lbs.  per  cu.  ft.  of  a 
0.35  percent  solution  showed  decay 
(tables  2  and  4).  Further  tests  have 
been  started  to  determine  if  the  addi¬ 
tion  of  water  repellents  increases  the 
service  life  of  wood  treated  with 
phenyl  mercuric  oleate.  Copper  naph- 
thenate  .solutions  of  0.5  percent  Cu 
showed  some  decay  in  painted  units 
given  a  30-minutc  soak  and  ex[X)sed 
for  10.6  years  and  also  some  decay  in 
unpainted  units  averaging  4.08  lbs. 
per  cu.  ft.  of  0.5  percent  Cu  solution, 
after  5.5  years’  exposure.  Never-the- 


less  copper  naphthenate  has  ‘given 
good  protection.  It  is  suggested  that 
it  be  applied  at  the  rate  of  2  percent 
Cu  for  brush  and  dip  applications. 
Coal-tar  creosote  has  given  somewhat 
less  protection  than  5  percent  penta¬ 
chlorophenol  alone  and  much  less  pro¬ 
tection  than  5  percent  pentachloro- 
phenol  plus  a  moisture  repellent  ex¬ 
cept  in  material  given  a  long-time 
soak.  Considering  all  factors,  5  per¬ 
cent  pentachlorophenol  plus  a  mois¬ 
ture  repellent  has  given  the  best  pro¬ 
tection  in  the  tests  here  described. 

Absorption  and  Penetration  of  Oil- 
Carried  Preservatives  by  Southern 
Yellow  Pine  in  Brush,  Dip, 
and  Short-Period  Soak 
Applications 

Extensive  laboratory  tests  made  in 
conjunction  with  the  field  exposure 
tests  and  incorporating  DuPont  Oil 
Red  Dye  as  a  tracer  in  the  preserva¬ 
tive  showed  that  penetration  of  more 
than  1  to  11/2  inches  along  the  grain 
and  Yfi  inch  across  the  grain  cannot 
be  expected  in  dips  or  short-period 
soaks  of  southern  pine  sapwood  free 

57 


Figure  3. — A,  Discolorations  coming  through  point  show  the  wood 
has  been  wet  enough  to  decoy.  Decoy  usually  follows  in  a  year 
or  two;  B,  The  decoy  fungus  Lenzites  saepiaria  fruiting  on  a 
test  unit.  This  indicates  extensive  interior  decay  even  though  the 


visible  wood  is  sound;  C,  Decoy  at  joints  in  a  window  screen.  A 
preservative  soak  will  control  such  decay;  D,  Window  shutters, 
showing  decay  in  untreated  unit  and  na  decay  after  11.4  yea's' 
exposure  in  one  soaked  for  15  minutes  in  5  Vo  pentochlorophenol. 


Table  2,  Effeetlveneee  of  seTeral  chemlcale  iroliod.  ae  dlpe  and  eoake  la  preTenttng  decay  of 
plae  expoied  off  the  ground  bat  edbject  to  rain  Lepage  at  Joints  for  5.5  yeare. 

Pie  effect  of  painting  test  unite,  eapwood  aad  heartwood,  and  welffet  of  carriers. 


j  Average  abaorptlon  !  Average  external  decoy  rating  ^ 


Chemical 

j  Solvent 

Lbs. 

ner 

of  solution 
cu.  ft. 

Pal  nted  units 

Unpalnted  units 

Concentration 

t  : 

5  MO. 

3  min. 

soak 

5  *00. 

3  min.. 

soak 

3  sec. 

3  min. 

soak 

5^  pentsschlorophenol 

I 

I  min.  spirits 

-2/ 

Sig>wood 

1.37 

Sapwood 

Sc^wood 

26 

do 

1  Icerosene 

•73 

1.24 

4.22 

0 

0 

0 

60 

30 

♦  1/ 

do 

:  dieselene 

• 

1.16 

«. 

- 

16 

1^  pentachlorophenol 

pentachlorophenol  *  moisture  repellent 

:  Icerosene 

.67 

1.16 

4.70 

•e 

.. 

_ 

54 

16 

0 

1  kerosene 

.71 

1.22 

4.68 

• 

- 

i* 

16 

0 

0 

^  tetrachlorpphenol 

:  kerosene 

.90 

1.23 

3.93 

2 

0 

0 

46 

34 

0 

Creosote 

:  none 

1.12 

1.39 

5.74 

- 

ee 

68 

60 

0 

phenyl  mercunc  oleate 

:  kerosene 

.71 

1.09 

3.67 

- 

. 

86 

72 

20 

Copper  na^thenate  (O.^Jt  Cu.) 

:  kerosene 

.77 

1.14 

4.08 

12 

2 

0 

100 

90 

6 

do  (2^  Cu.) 

:  kerosene 

.67 

1.12 

6.42 

- 

44 

34 

0 

^  fine  chloride 

:  water 

1.16 

• 

58,  , 

« 

44,  , 

entreated 

:  none 

•• 

• 

62!/ 

- 

looli^ 

- 

^  pentachlorophenol 

:  kerosene 

Heartwoo< 

.66 

1 

Heartwo 

0 

3d 

Heartwoo< 

28 

L 

Copper  ns^thenate  (0.5f(  Cu.) 

:  kerosene 

.48 

0 

- 

32 

- 

Creosote 

:  none 

1.03 

0 

entreated 

:  none 

- 

- 

- 

32 

- 

- 

48 

- 

^  On  a  basis  of  0  (none)  to  100  (practically  destroyed) .  All  ratings  were  based  on  external  evidence  of  decay  and  small  amounts 
of  unrecorded  decay  could  have  occurred.  Average  ratings  of  60  or  above  indicate  most  of  test  units  would  need  replacement  in 
actual  service. 


2/  Oaah  indicates  not  included  in  test. 

^  Loss  than  a  rating  of  1. 

^  Average  service  life  of  untreated  units  was  6.0  years  for  painted  and  3.5  years  for  unpainted. 
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Table  3.  The  effectlTeneea  of  bniah,  dip,  and  eoak  preeerratlTe  treatments  applied  to 
^  eoathern  -pine  eapvood  and  exposed  off  the  ^ound  but  subject  to  rain  seepage 

at  Joints.  Bffeetlvenegs  baeed  on  Internal  ratings  ot  eamplee  removed  after 
4  to  5  and  8  to  10  yeare^ 


Treating 

Average  Internal 

decay  rating  £/ 

Test  and  Preservative  ^ 

Carrier 

Method 

4-5  years 

8-10  years 

Test  #1 

^  pentachlorophenol,  painted 

kerosene 

15  min.  eoak 

1.0  V 

0 

do 

do 

30  min.  soak 

1.9  2/ 

0 

do 

do 

60  min.  soak 

1.2  2/ 

0 

tbtreated,  painted 

- 

- 

53.8 

y 

Hall  Test  fZ 

0.8  5/ 

^  pentachlorophenol.  painted 

kerosene 

30  min.  soak 

3.3  1/ 

do  t  do 

2  brush  coats 

0.4  ^ 

7.3 

Copper  u^hthenate  (0.51^  Cu.),  ptdnted 

do 

30  min.  soak 

0.4 

37. e 

do  (2^  Ca.),  painted 

do 

2  brush  coats 

0.31/ 

8.8  5/ 

Non-toxic  end  coating,  painted 

- 

brush  coat 

26.4 

55.3 

Untreated,  unpalnted 

- 

- 

77.5 

48.0 

do  ,  painted 

- 

- 

46.5 

Rail  Test 

1/ 

^  pentachlorophenol  mois.  repellent  .painted 

min.  spirits 

3-min.  dip 

0 

do 

do 

End  dip-side  brushed 

0 

V 

pentachlorophenol,  painted 

do 

3-min.  dip 

13.3 

y 

do 

do 

End  dip-side  brushed 

5.8 

u 

Thitreated,  painted 

- 

- 

77.7 

y 

Column  Test  tl 

0.2  1/ 

^  pentachlorophenol,  painted 

kerosene 

30  min.  soak 

0 

^  pentachlorophenol  *  mois.  repel lent .painted 

min.  spirits 

do 

0.1 1/ 

0.5 1/ 

Untreated,  unpalnted 

- 

- 

25.1 

84.0 

do  ,  painted 

- 

- 

25.2 

89.0 

Column  Test 

^  pentachlorpidienol,  painted 

kerosene 

30  min.  soak 

o.s  5/ 

+  1/8/ 

0.2>  phenyl  msrearlc  oleate,  painted 

do 

do 

37.0 

Untreated,  painted 

- 

- 

49.2 

78.0 

1,  All  exposed  surfaeee  given  2  eoate  lead-slno  paint  unless  marked  "unpalnted"!  2.  On  a  scale  of  0  to 


100|  3«  Evidently  all  oreosote  stain  In  wood  against  sill*  After  10  years  not  olassed  as  suspielousi 
4,  Hone  lefts  rating  above  '^suspiolous"i  6>  Based  on  only  sample  leftf  mostly  heartvoodi  7  Not 

yet  8  years  old|  6»  Indicates  less  than  0.1« 


of  fungus  infections.  Retentions  of 
preservative  oils  seldom  exceed  1.0 
to  1.5  pounds  per  cubic  foot  (12  to  18 
gallons  per  thousand  board  feet)  in 
the  3-minute  dipping  of  southern  yel¬ 
low  pine  sapwood  lumber  unless  the 
lumber  is  infected  with  stain,  mold, 
or  decay  fungi.  No  important  differ¬ 
ences  were  found  among  different  in¬ 
dividual  trees,  in  the  height  from 
which  the  wood  came  in  the  tree,  or 
between  kiln-dried  and  air-dried  wood. 
There  was  little  difference  between 
kerosene  and  mineral  spirits  as  a  pre- 
•servative  carrier  or  treating  during 
-f0°  and  80°  F.  weather.  Absorption 
and  penetration  through  the  end  grain 
\^as  about  10  times  that  through  lat¬ 
eral  surfaces.  Also,  flat-sawn  surfaces 
Ji'-sorbed  about  1.8  times  more  than 
edge-grained,  which  means  that  the 
common  flat-sawn  boards  have  a 
treating  advantage.  Dried  pitch  en- 
‘  ustations  on  board  ends  greatly  im- 
i'cded  end  penetration.  On  the  aver¬ 
se,  somewhat  better  absorptions  and 


penetrations  were  secured  with  straight 
preservatives  than  with  the  same  pre¬ 
servative  plus  a  water  repellent.  How¬ 
ever,  other  factors,  discussed  else¬ 
where,  give  the  water  repellent  solu¬ 
tions  the  advantage. 

When  wood  is  dipped  in  an  oil 
solution,  absorption  is  rapid  for  the 
first  few  minutes,  after  which  it  drops 
off  sharply.  To  get  an  appreciably  brt- 
ter  treatment  than  a  10-minute  soak, 
it  would  be  necessary  to  use  a  long¬ 
time  soak.  Thus  the  dips  and  short- 
period  soaks  likely  to  be  used  on  the 
job  for  porches  and  steps  afford  only 
surface  protection.  The  wood  should 
be  cut  to  size  and  shape  prior  to  treat¬ 
ment  or  untreated  wood  will  be  ex¬ 
posed  in  sawing.  If  any  sawing  is  nec¬ 
essary  after  treating,  the  sawed  sur¬ 
faces  should  be  dipped  again  or  copi¬ 
ously  brush  treated.  Both  porch  floors 
and  steps  are  structures  for  which  the 
lumber  can  be  cut  to  shape  and  size 
before  treatment  without  appreciable 
increased  carpenter  labor.  This  is  not 


true  for  siding  and  trim  where  the 
added  labor  factor  greatly  complicates 
any  on-the-job  treating  of  more  than 
a  momentary  dip. 

The  above  discussion  concerns  clean 
fungus-free  lumber.  The  picture  is 
drastically  changed  when  molded, 
stained,  or  decayed  wood  is  used.  Pre¬ 
vious  studies  (I)  and  the  current  tests 
show  that  fungus  infections  greatly 
increase  absorptions  and  penetrations. 
The  effect  of  some  common  molds  is 
particularly  great,  but  heavy  stain  and 
appreciable  decay  also  are  effective  in 
increasing  permeability.  In  extreme 
cases  molded  pine  lumber  will  absorb 
more  with  a  short-period  soak  than 
usual  retentions  with  a  standard  pres¬ 
sure  treatment.  There  is  still  insuffi¬ 
cient  evidence  to  show  just  how  long 
treated  infected  wood  will  last  when 
compared  with  uninfected  wood  with 
similar  absorptions.  The  current  tests 
indicate  that  the  effectiveness  of  water 
repellents  is  not  quite  as  good  on 
molded  as  on  clean  wood.  With  the 
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Table  4.  EffectlTenees  of  dip  and  soak  preseryatlTe  treatmenta  on  eoutbern  pine  eapwood  and  heartwood  exposed 
off  the  ground  but  subject  to  rain  seepage  at  the  Joints.  The  effect  of  painting  and  wei^t  of  oil 
carrier.  Ratings  baaed  on  Internal  examination  of  a  sample  removed  after  3-5  years*  exposure. 


Chemical 

and 

Average  internal 

decay  rating 

Solvent 

Painted  units 

Unpainted  units 

Concentration 

3  sec. 
dip 

3  min. 
dip 

3-4  lbs./ 
cu.ft. 

3  sec. 
dip 

3  min. 
dip 

3-4  lbs./ 
Pu.ft. 

3^  pentachlorophenol 

min.  spirits 

-2/ 

Sapt 

rood 

20 

do 

kerosen* 

18 

2 

0 

26 

45 

0 

do 

dieselene 

- 

- 

7 

- 

lOjl  pentachlorophenol 

kerosene 

- 

- 

- 

3 

32 

0 

3j(  pentachlorophenol  *  molature  repellent 

kerosene 

- 

- 

- 

0 

0 

0 

3^  tetrachlorophenol 

kerosene 

1 

1 

0 

40 

1 

0 

Creosote 

none 

- 

- 

- 

15 

0 

0 

•35^  phenyl  mercuric  oleate 

kerosene 

- 

- 

35 

22 

0 

Copper  naphthenate  (0.3^  Cu.) 

kerosene 

3 

17 

3 

50 

62 

4 

do  (2^  Cu.) 

kerosene 

-  ^ 

- 

22 

48 

0 

3j(  zinc  chloride 

water 

- 

36 

- 

- 

l4 

- 

Untreated 

none 

- 

6l 

- 

- 

81 

- 

35^  pentachlorophenol 

kerosene 

0 

Hear 

bwood 

0 

Copper  naphthenate  (0.3^  Cu.) 

kerosene 

- 

2 

- 

- 

7 

- 

Creosote 

none 

- 

- 

- 

- 

0 

- 

Untreated 

none 

- 

_ iZ _ 

- 

- 

19 

- 

^  On  a  baais  of  0  to  100 

2/  Sash  indicatee  not  included  in  teat. 


present  knowledge  we  cannot  recom¬ 
mend  the  deliberate  use  of  infected 
wood  to  secure  easier  treatment.  The 
evidence  is,  however,  that  if  infected 
wood  is  used  it  by  all  means  should 
be  treated  with  a  toxic  moisture  repel¬ 
lent.  Absorptions  may  be  very  heavy, 
leading  to  bleeding  through  the  paint 
subsequently  applied.  Thus  appreciably 
longer  periods  for  solvent  evaporation 
from  infected  wood  are  required  be¬ 
fore  regular  paints  or  enamels  are 
applied. 

If  infected  wood  is  used,  there  is  a 
danger  that  internal  incipient  decay 
infections  are  present  that  may  not  be 
reached  and  killed  by  a  brush  or  dip 
preservative  treatment.  Such  infections 
would  lead  to  early  internal  decay. 

Precautions  in  Use  of  On-the-Job 
Preservative  Treatments 

When  wood  is  used  for  structures 
of  known  high  decay  hazard,  as 
porches  and  steps  in  the  South,  it  is 
safest  to  use  lumber  commercially  im¬ 
pregnated  with  a  suitable  preservative. 
It  must  be  remembered,  however,  that 
some  commercially-treated  lumber  can¬ 
not  be  painted  or  only  with  partial 
satisfaction.  If  suitable  impregnated 
lumber  is  not  available  and  sapwood 
lumber  is  protected  by  an  on-the-job 
application  only  a  surface  treatment 
can  be  expected.  Consequently,  the 
following  precautions  are  necessary: 


1.  Cut  all  wood  to  size  and  shape 
before  treatment.  If  any  subsequent 
cutting  must  be  done,  treat  all  cut  sur¬ 
faces,  at  least  with  a  copious  brush 
application. 

2.  Use  a  preservative  with  a  mois¬ 
ture  repellent  added  because  these 
have  been  shown  to  be  more  effective 
in  dip  treatments. 

3.  For  small  jobs,  a  ready-to-use 
treating  solution  is  best.  The  label 
should  be  checked  to  see  that  it  con¬ 
tains  5  percent  pentachlorophenol  or 
20  percent  copper  naphthenate  (often 
expressed  as  2  percent  metallic  cop¬ 
per).  If  the  solution  is  water  repel¬ 
lent,  the  label  should  state  that  water 
repellent  solids  were  added.  If  a  con¬ 
centrate  is  used,  be  sure  to  dilute  with 
the  proper  amount  of  mineral  spirits 
(cleaning  type)  to  give  the  concen¬ 
tration  shown  above.  The  label  should 
state  that  the  solution  will  leave  a 
paintable  surface. 

4.  If  painting  is  not  contemplated 
and  for  wood  items  in  which  some 
creeping  of  the  preservative  would  not 
be  important,  use  a  heavier  oil  carrier, 
as  a  number  2  fuel  oil.  These  give 
somewhat  better  protection  than  light 
paintable  solutions. 

5.  If  possible,  use  a  soak  of  at  least 
10  minutes.  No  preservative  known 
will  produce  a  miracle;  the  degree  of 
protection  w411  depend  on  the  amount 
of  preservative  gotten  into  the  wood 
and  the  depth  of  its  penetration. 


6.  After  the  oil  has  dried  from  th. 
treated  wood,  paint  all  exposed  sur¬ 
faces  with  a  standard  oil  paint  or 
enamel  to  reduce  checking  and  tlv^ 
chances  of  internal  infections.  It  is 
safest  to  allow  a  few  days  to  a  week 
for  drying  before  painting. 

7.  Supplement  the  preservative 
treatment  with  designs  that  remove 
the  greatest  decay  hazards.  Protection 
afforded  by  a  combination  of  gooti 
design  and  a  preservative  will  be  most 
lasting. 

8.  On-the-job  dips  and  short-period 
soaks  are  not  recommended  for  wooii 
to  be  used  in  contact  with  the  ground. 
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The  Effect  of  Solvent  Characteristics  on  the 
Blooming  of  Pentachlorophenol’ 


C.  S.  WALTERS 


Associate  Professor  in  Forest  Utilization  Research  Illinois  Agricultural  Experiment  Station 


Sapwood  blocks  of  ponderosa  pine  and  yellow  poplar  were 
treated  with  diluents  blended  with  six  oils,  two  each  from  low, 
medium  and  high  distillation-range  groups.  Amount  of  bloom  after 
drying  periods  was  then  determined,  and  results  compared. 


WHEN  PENTACHLOROPHENOL, 
an  oil-soluble  wood  preserva¬ 
tive,  blooms  or  crystallizes  on  the  sur¬ 
face  of  a  treated  product,  the  protec¬ 
tive  power  of  the  chemical  treatment 
is  reduced.  Such  a  reduction  may  per¬ 
mit  insects  or  fungi  to  attack  the  wood 
and  shorten  its  service  life.  Thus,  the 
objective  of  the  treatment,  to  make 
wood  more  economical  and  service¬ 
able,  is  not  attained. 

The  cause  of  the  phenomenon  of 
blooming  has  often  been  attributed  to 
the  hydrocarbon  solvent  used  to  pre¬ 
pare  the  preservative  solution.  In  one 
of  the  earliest  reports  on  the  use  of 
this  chemical,  Hubert^  indicated  that 
.  .  the  use,  in  the  (preservative) 
formula  of  a  much  cheaper  solvent, 
a  special  grade  of  fuel  oil,  has  not 
only  reduced  the  cost  per  gallon  of 
the  treating  solution  but  has  also 
raised  the  flash  point  of  no°-l60° 
F.  and  eliminated  the  formation  of 
crystals  on  the  surface  of  the  treated 
wood  known  as  'bloom’.” 

In  that  same  year  in  a  discussion  of 
the  use  of  pentachlorophenol  solu¬ 
tions  for  the  treatment  of  millwork- 
hc  indicated  that  blooming  might  be 
prevented  .  .  by  the  use  of  di¬ 
luents  selected  for  their  non-bloom¬ 
ing  action.” 

Hatfield®  perhaps  summarized  the 
problem  when  he  wrote  ".  .  .  for  we 
now  know  that  unless  a  suitable  car¬ 
rier  is  used  with  pentachlorophenol 
to  assure  proper  penetration  and  re¬ 
tention  of  the  crystals  of  pentachloro¬ 
phenol  in  the  wood,  it  will  be  pulled 
to  the  surface  as  the  solvent  volatilizes 
{i.e.,  'bloom’)  and  ultimately  be  lost 
from  the  wood.” 

United  States  Patents  Nos.  2,182,- 
()s()  and  2,182,081  were  issued  in 

''ubmitted  in  Ciraduate  Division,  19S3  Wood 
A  jrd  Contest. 

Hubert.  E.  E.  1938.  Permatol.  Tech.  Bui. 
^  (April  Ed.)  Western  Pine  Assoc. 

Hubert,  E  E.  1938.  The  preservative 
tt'-tment  of  millwotk.  Ind.  and  Eng.  Chem.  30 
'  U’^l. 

Hatfield,  Ira.  1944.  Information  on  penta- 
c*  rophenol  as  a  wood  preserving  chemical. 
^  Am.  Wood-Pres.  Assoc.  40:47-67. 


1938  to  the  Monsanto  Chemical  Com¬ 
pany  covering  the  addition  of  rosin 
to  pentachlorophenol  solutions  to 
counteract  blooming.  However,  it 
would  be  more  practical,  and  perhaps 
cheaper,  if  blooming  could  be  con¬ 
trolled  by  the  selection  of  proper  sol¬ 
vents  rather  than  by  the  use  of  anti¬ 
blooming  agents.  For  some  uses  the 
addition  of  these  materials  to  the  pre¬ 
servative  solution  might  not  be  desir¬ 
able. 

No  known  references  indicate  ex¬ 
actly  what  solvent  characteristics  cause 
blooming  or  how  certain  characteristics 
affect  it.  It  has  been  assumed  that 
bloom  occurred  most  frequently  and 
was  heaviest  when  the  more  volatile 
oils  (or  those  that  are  obtained  at 
relatively  low  distillation  tempera¬ 
tures)  were  used  as  diluents.  Behr‘ 

■*  Behr,  E.  Letter  to  author  dated  Dec.  29. 
1952. 


has  informed  the  author  that  "... 
woods  difficult  to  penetrate  such  as 
Douglas  fir  heartwood  or  spruce  will 
show  more  severe  blooming  than  will 
easily  treated  woods  such  as  Ponde¬ 
rosa  pine  or  sapwood.  Those  solvents 
which  are  highly  volatile,  such  as 
xylene  and  VMP  naphtha,  will  show' 

.  .  .  more  blooming  than  No.  2 
fuel  oil.” 

Since  oils  of  higher  aromatic  con¬ 
tent  have  greater  solvency  for  penta- 
chlorophenol,  aromaticity  is  believed 
to  have  an  effect  on  blooming.  Other 
factors  such  as  the  wood’s  anatomical 
structure,  resin  content,  and  moisture 
content  also  may  be  influential. 

The  purpose  of  this  investigation 
was  to  (determine  what  effect  aromatic 
content  and  vapor  pressure  (as  evi¬ 
denced  by  distillation  range)  of  nine 
hydrocarbon  solvents  have  on  bloom- 
ing. 

Materials -and  Methods 

Ponderosa  pine  (hereafter  referred 
to  as  "pine”)  was  first  selected  for 
test  blocks  because  of  its  commercial 


Figure  1. — An  enlarged  view  (15X)  of  the  end  grain  of  a  ponderosa  pine  block 
treated  with  medium-boiling  diluent  of  10  percent  aromatic  content,  which  shows  the  de¬ 
posits  of  resin  and  bloom.  The  resin  appears  os  small  bubbles  or  foam  which  parallels  the 
dork  bonds  of  summerwood.  The  white  flecks  ore  the  crystals  of  pentachlorophenol,  or 
bloom.  The  block  circular  area  in  the  upper  left  port  of  the  picture  is  o  noil  hole. 
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Figure  2. — Treated  blocks  were  suspended  on  this  drying  rack. 


importance  and  its  uniform  anatom¬ 
ical  characteristics.  However,  because 
of  the  difficulty  encountered  with  a 
resin  exudate  which  accompanied 
blooming  (Fig.  1),  yellow  poplar 
(hereafter  "poplar”)  was  added  to 
the  tests. 

The  pine  specimens  were  cut  from 
a  3-foot  length  of  a  flat-sawn,  A- 
Select,  sapwood  board,  1  x  10  inches, 
and  free  of  all  visible  defects.  The 
board  was  ripped  into  sticks  1  inch 
•  wide,  and  the  sticks  were  dressed  to 
approximately  13/1 6-inch  width  be¬ 
fore  they  were  cross-cut  into  blocks  3 
inches  long.  The  blocks  were  sanded 
smoothly  and  boiled  successively  for 
6  hours  in  each  of  the  following  sol¬ 
vents  to  remove  the  extractives;  ace¬ 
tone,  ethyl  alcohol-benzene  mixture 
(1  part  95-percent  alcohol  and  2 
parts  benzene),  benzene,  and  distilled 
water.  The  blocks  were  boiled  in  a  2- 
gallon  gasoline  can  equipped  with  a 
Lieberg  condenser.  Later  it  was  found 
that  the  three  oils  representing  the 
low  boiling  range  of  solvents  were 
causing  the  formation  of  a  resin  exu¬ 
date  on  the  blocks  so  they  were  given 
an  additional  6-hour  boiling  treatment 
in  a  2:1  mixture  of  xylene  and  VMP 
naphtha. 

The  poplar  specimens  were  cut 
from  a  flat-sawn,  sapwood  board  se¬ 
lected  from  No.  2  Common  stock. 
These  blocks  were  prepared  in  the 
same  fashion  as  those  of  pine  with 
two  exceptions:  They  were  dressed  to 
a  slightly  smaller  cross-section  and 
•  they  were  not  subjected  to  the  extrac¬ 
tion  treatment. 


The  blocks  of  both  species  were 
conditioned  to  about  10  percent  mois¬ 
ture  content.  Each  block  was  then 
numbered,  brushed  vigorously,  and 
fitted  with  two  small  brads,  by  which 
it  was  freely  supported  on  a  rack  to 
reach  the  equilibrium  moisture  con¬ 
tent  of  the  weighing  room  (about 
8.5  percent).  Longitudinal,  tangential, 
and  radial  measurements  were  made 
on  each  block  with  micrometers  read¬ 
ing  to  the  nearest  .001  inch.  Surface 
areas  for  each  block  were  computed 
from  these  measurements. 

Preliminary  tests  were  made  to 
determine  whether  blooming  on 
springwood  differed  from  that  on 
summerwood.  A  group  of  10  pine 
blocks  from  which  the  extractives  had 
been  removed  were  trimmed  by  hand 
so  that  one  tangential  face  was  all 
summerwood,  whereas  the  opposite 
side  was  all  springwood.  The  blocks 
were  treated  in  ethyl  alcohol  contain¬ 
ing  5  percent  by  weight  of  penta- 
cholorophenol.  The  retention  of  the 
solution  was  not  determined,  but  the 


blocks  appeared  to  be  saturated 
Using  an  analytical  balance,  weights 
to  the  nearest  .0001  gm.  were  obtained 
before  and  after  the  springwood  sur 
faces  were  brushed  free  of  bloom.  A 
second  set  of  weights  was  obtaine( 
after  the  summerwood  surfaces  wer-. 
brushed. 

Growth  rate  and  percent  of  sum 
merwood  measurements  were  made  oi 
10  pine  blocks.  Growth  rate  (but  no: 
summerwood)  measurements  wer  • 
made  on  9  poplar  blocks.  The  specifi 
gravity  of  each  of  these  19  block, 
was  calculated. 

The  pine  blocks  were  systematical!) 
assigned  to  groups  so  that  any  cross 
grain  or  lengthwise  differences  of  th. 
board  were  represented  in  each  lot  o; 
five  blocks.  Because  of  defects  in  the 
poplar  board,  it  was  impractical  to  use 
this  same  system  consequently,  pop 
lar  blocks  were  randomly  assigned  to 
groups. 

A  pilot  test  was  made  to  determine 
whether  diluents  of  low  aromatic  con¬ 
tent  would  keep  a  5 -percent  concen- 


1ABL£  1.  Typical  inspection  data  for  oils  used  in  blendii^dlluents.^/ 


oiiW 

Specific 

gravity 

60/60®P. 

Lbs./ 

gallon 

60°P. 

_ Viscosity 

Gravity  Flash  point,  Kinematic  SU  at 

oAPI(600F3  op.  tag  (ee)  CS  at  2‘»°C.  lOnOP. 

Aromatic  Befractlve 

content,  Index, 

_ percent _ 2Q°C. _ 

IBP _ so* 

ation.°P. 

PBP 

Bayol  U 

0.784 

6.53 

49.0 

172 

1.900 

32.0 

0.0 

1.4351 

401 

437 

50c 

Bayol  P 

0.830 

6.91 

39.0 

290 

7.980 

52.0 

0.0 

1.4560 

544 

652 

789 

CPS-303 

0.934 

7.78 

20.0 

178C/ 

36.7 

74.0 

1.5340^/ 

370 

542 

660 

Heavy 

aromatic 

0.922 

7.68 

21.9 

141 

1.627 

30. sx/ 

83.0 

1.5095 

320 

406 

532 

naphtha 

VMP 

0.735 

6.12 

61.0 

56 

0.774 

23.3®/ 

1.6 

1.4092 

249 

256 

286^/ 

naphtha 

Xylol 

0.872 

7.26 

30.8 

82 

0.744 

23.2®/ 

99.5 

1.4973 

278 

281 

20c  fl 

a/  The  following  abbreviations  are  used  In  coluam  headings: 


^iPI  •  American  Petroleum  Institute  scale  In  degrees 
TAG  (ce)  -  Tagliabue  elosedUet^  method 
CS  -  Centl stokes 
SU  -  Saybolt  Universal  method 
ASTM  —  American  Society  for  Testing  Materials 
ISP  -  Initial  Bolling  Point 
F3P  -  Pinal  Bolling  Point 

ii/  The  first  three  oils  are  products  of  Snjay  Co.,  Inc.;  the  last  three,  products  of  Bsso  Standard  OH  Co. 

C/°F..PM. 

a/  At  25®C. 

fi/  Converted  value,  approximate  only. 

X/  Dry  point. 
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TASL£  2.  Volumes  of  oils  used  in  blending  diluents. 


Distillntion  group 


Aromatic 
content 
sou^t  by 
blending' 

Low 

_  I 

Medium 

_  II 

Hirfi 

-  Ill 

Xylol 

VMP 

nanhtha 

Heavy 

ai'omatic 

nanhtha 

Bavol  D 

CPS-'lO'l 

Bpyol  F 

Percent 

CC 

cc 

cc 

cc 

cc 

CC 

70 

1  400 

600 

1  680 

320 

1  892 

108 

HO 

784 

1  216 

960 

1  040 

1  080 

920 

10 

171 

1  829 

240 

1  760 

271 

1  729 

trition  of  pentachlorophenol  in  solu- 
ti.in  at  low  temperatures.  Pentachloro- 
piicnol  was  dissolved  in  mixtures  of 
Xj.  lene  and  VMP  naphtha  at  a  concen¬ 
tration  of  5  percent  of  the  solvent 
weight;  the  Blending  produced  di- 
lu'  nts  with  aromatic  contents  ranging 
fr  rm  10  to  70  percent,  in  multiples 
ot  10.  The  solutions  were  stored  at 
U  nperatures  ranging  from  22-l40°F. 

At  the  lowest  of  these  temperatures 
tiic  pentachlrophenol  crystallized  from 
tliL-  10-percent  aromatic  solution  but 
rtiiiained  in  solution  in  those  of 
higher  aromaticity.  These  results  were 
used  as  a  basis  for  preparing  the  nine 
diluents  studied.  Since  it  was  some¬ 
what  difficult  to  dissolve  pentachloro- 
phcnol  in  diluents  of  10  percent  aro- 
m.itic  content  and  to  keep  it  in  solu¬ 
tion  at  temperatures  below  70°,  10 
percent  was  chosen  as  the  minimum 
aromatic  content  to  be  tested.  The 
other  two  degrees  of  aromaticity 
studied  were  40  and  70  percent. 

The  diluents  were  prepared  by 
blending  the  oils  whose  specifications 
arc  shown  in  Table  1.  The  objective 
of  the  blending  was  to  produce  three 
groups  of  diluents  whose  distillation 
ranges  might  be  classified  as  "low,” 
"medium,”  and  "high”  (Table  2). 
Within  each  of  these  distillation 
groups,  the  aromatic  contents  of  the 
three  diluents  were  approximately  10, 
40,  and  70  percent.  Samples  of  the 
oils  were  analyzed  for  aromatic  con¬ 
tent  and  distillation  ranges  were  deter¬ 
mined.  Pentachlorophenol  (oiled 
form)  was  added  to  each  of  the  nine 
diluents  at  the  rate  of  5  gm.  per  100 
cc  of  diluent.  Ordinarily,  commercial 
preservative  solutions  containing  pen¬ 
tachlorophenol  are  prepared  at  a  con¬ 
centration  of  5  percent  of  the  diluent 
weight;  however,  it  was  important  that 
each  of  the  solutions  used  in  this  study 
contain  the  same  amount  of  chemical 
per  unit  volume,  since  the  specific 
gravities  of  the  diluents  ranged 
widely.  A  Waring  blender  and  elev¬ 
ated  temperature  were  used  to  dissolve 
the  pentachlorophenol  in  the  diluents, 
although  no  particular  difficulty  was 
encountered  in  dissolving  the  penta¬ 
chlorophenol  in  diluents  of  at  least 
40  percent  aromatic  content.  Solutions 
were  stored  in  a  constant  tempera¬ 
ture  oven  at  100°.  to  assure  the  pen¬ 
tachlorophenol  remaining  in  solution. 

I'reatments  were  assigned  at  ran¬ 
dom  to  the  nine  5-bl(Kk  groups  in  a 
replicate.  Two  replicates  of  each  spe¬ 
cies  were  included  in  the  tests.  Two 
lots  of  blocks  (one  each  from  Repli- 
cat  s  1  and  2)  were  placed  in  a  con¬ 
tainer,  weighted  to  prevent  floating 
an<*  were  covered  with  solution.  All 
groups  were  placed  in  a  retort  and 
wc  subjected  to  two  vacuum  cycles 
SC]  rated  by  a  short  period  of  atmos- 

JOijrnAL  of  FPRS 


pheric  pressure;  each  cycle  consisted 
of  a  20-inch  vacuum  for  20  minutes. 
The  surfaces  of  the  treated  blocks 
were  dried  with  a  cloth.  Weights  to 
the  nearest  0.1  gm.  were  taken  on  one 
block  from  each  pine  series  imme¬ 
diately  after  treatment  as  a  check  on 
the  absorption  of  solution;  the  poplar 
blocks  were  weighed  in  groups  of  10 
before  and  after  treatment.  The  blocks 
were  then  placed  on  a  drying  rack  for 
an  exposure  of  7  days  (Fig.  2)  in  the 
weighing  room.  Temperatures  in  the 
room  probably  reached  a  low  of  65°  F. 
during  the  night;  the  temperature  dur¬ 
ing  the  day  ranged  from  80°  to  over 
90°  F.  Several  measurements  of  the 
room’s  humidity  with  a  sling  psy- 
chrometer  indicated  that  the  wet-bulb 
depression  was  around  14  at  the  time 
the  blocks  were  weighed. 

At  the  end  of  the  drying  period 
each  group  of  blocks  was  inspected 
for  bloom,  resin  deposits,  and  other 
effects  of  the  treatment.  Each  block 
was  then  weighed  to  the  nearest 
.0001  gm.  before  and  after  brushing 
it  free  of  bloom.  Additional  weights 
were  taken  on  blocks  of  the  first  repli¬ 
cate,  weighing  them  after  brushing 
the  tangential,  radial,  and  end  sur¬ 
faces,  respectively.  Blocks  were 
weighed  across-series  (in  contrast  to 
weighing  one  entire  group  before 
proceeding  to  the  next)  to  minimize 
any  effects  of  changes  in  moisture 


content  and  evaporation  of  diluent. 
The  brushing  was  done  with  a  small 
camel’s  hair  paint  brush.  Stiffer 
brushes  were  tried  but  were  aban¬ 
doned,  because  they  also  removed 
wood  fibers  from  the  poplar  or  resin 
exudate  from  the  pine  (Fig.  3). 

Pilot  tests  showed  that  blooming 
continued  following  the  brushing 
treatment;  thus,  the  first  replicates  of 
both  species  were  returned  to  the  dry¬ 
ing  rack  for  an  additional  30  days  of 
drying.  The  brushing  and  weighing 
processes  were  repeated  in  order  to 
determine  the  effects  of  "long-term” 
blooming.  The  values  obtained  after 
7  days  of  drying  were  added  to  those 
obtained  30  days  later  and  are  pre¬ 
sented  as  the  amount  of  bloom  which 
developed  after  37  days  exposure. 

Results  and  Discussion 

Although  the  measurements  of  the 
test  blocks  showed  that  those  of  pine 
were  slightly  larger,  blocks  of  a  single 
species  were  quite  uniform  in  size. 
The  averages  for  30  blocks  of  each 
species  were:  pine,  .851  x  .861  x 
3.010  in.;  poplar,  .767  x  .782  x  2.995 
in.  The  growth  rates  of  the  two  spe¬ 
cies  were  quite  different.  The  pine 
ranged  from  6  to  9  rings  per  inch, 
averaging  7.00  (standard  error  ± 
.01  ring).  The  growth  rate  for  poplar 
ranged  from  5  to  26  rings  per  inch. 


Figure  3. — Enlarged  view  (15X)  of  brushings  from  o  pine  block  which  contain  resin 
exudate  os  well  os  bloom.  A  crystal  of  pentachlorophenol  is  encircled  at  the  left;  the 
material  encircled  on  the  right  is  mostly  resin. 
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AROMATIC  CONTENT  -  PERCENT 

Figure  4. — The  effect  of  aromatic  content 
of  the  diluent  on  the  blooming  of  pento- 
chlorophenol. 

averaging  16.27  (standard  error,  .08 
ring). 

It  was  observed  during  these  ex¬ 
periments  that  the  blended  diluents 
also  dissolved  the  pine  extractives  and 
brought  them  to  the  surface.  The  ten¬ 
dency  for  resin  exudates  to  develop 
appeared  to  be  similar  to  the  tendency 
of  the  diluent  to  cause  blooming.  The 
resin  exudates,  however,  were  more 
difficult  to  remove  by  brushing  than 
the  bloom. 

The  absorption  of  solution  in 
pounds  per  cubic  foot  averaged  about 
31  for  the  poplar  and  20  for  the  pine. 

The  average  specific  gravity  for  the 
10  pine  blocks  was  .39  based  on  oven- 
dry  weight  and  green  volume.  The 
average  specific  gravity  of  9  poplar 
blocks,  based  on  oven-dry  weight  and 
oven-dry  volume,  was  .42. 

The  summerwood  in  pine  occupied 
43  percent  of  the  width  of  the  annual 
ring. 

The  high-boiling  solvents  stained 
the  blocks  a  dark  (walnut)  color, 
whereas  those  of  the  low-boiling 
group  imparted  little,  if  any,  color. 
The  medium-boiling  solvents  colored 
the  blocks  only  slightly — no  more 
than  a  coat  or  two  of  clear  varnish 
would  have  added. 

Table  3  shows  the  average  amount 
of  bloom  removed  by  brushing  the 
blocks  expressed  as  a  fraction  of  a 
pound  per  square  inch  of  surface.'’ 
These  values  have  been  used  in  pre¬ 
paring  Figs.  4,  5,  and  6.  The  ordi¬ 
nates  for  these  three  figures  are  log¬ 
arithmic  scales. 

Fig.  4  shows  that  blooming  de¬ 
creased  sharply  as  the  aromatic  content 
of  the  diluent  increased  from  10  to 

“  Coded  values  have  been  used  in  place  of 
decimal  values.  For  example,  the  amount  of 
bloom  removed  from  the  pine  blocks  treated 
in  the  solution  prepared  from  a  low-boilins 
diluent  of  70  percent  aromatic  content  is  shown 
in  Table  3  as  2  607.  This  value  has  been 
coded  to  simplify  presentation;  it  should  be 
read  as  0.000002607  pound  per  square  inch. 


40  percent.  Increasing  the  aromatic 
content  of  the  diluent  beyond  40  per¬ 
cent  had  much  less  effect  on  bloom¬ 
ing.  Although  the  average  data  pre¬ 
sented  for  both  species  in  Table  3 
show  a  similar  trend  for  the  diluents 
in  the  medium-  and  high-boiling 
groups,  differences  between  the 
amounts  of  bloom  which  developed 
for  the  diluents  of  the  low-boiling 
group  indicate  a  different  trend.  Why 
these  differences  developed  within 
this  one  group  is  unknown.  Neither 
viscosity  nor  vapor  pressure  of  the 
component  oils  used  in  blending  the 
diluents  appear  to  be  responsible, 
since  the  oils  are  quite  similar  in  these 
characteristics. 

Fig.  5  shows  bloom  plotted  as  a 
function  of  the  distillation  range  of 
the  diluents.  The  averaged  data  shown 
by  the  three  uppermost  curves  indi¬ 
cate  that  the  greatest  amount  of  bloom 
developed  from  medium-boiling  di¬ 
luents  followed  by  that  for  the  low- 
boiling  groups;  the  least  amount  de¬ 
veloped  for  the  high-boiling  diluents. 
However,  if  the  bloom  losses  for  di¬ 
luents  of  a  common  aromatic  content 
are  compared  in  Table  3,  we  find  that 
only  those  diluents  containing  10  per¬ 
cent  aromatics  followed  this  trend. 
Those  of  40  percent  and  70  percent 
aromaticity  showed  decreased  bloom¬ 
ing  as  the  boiling  range  of  the  dilu¬ 
ents  increased,  or  the  trend  shown  by 
the  dotted  line  in  Fig.  5.  Similar 
trends  are  shown  by  the  data  pre¬ 
sented  in  Table  4  for  tangential  and 
radial  surfaces  of  pine  and  poplar. 
The  bloom  on  the  end  grain  of  both 
species,  however,  was  greatest  for  the 
medium-boiling  diluents,  followed  by 
that  for  the  high-boiling  group,  and 
was  least  for  the  low-boiling  solvents. 

One  explanation  for  the  bloom 
pattern  produced  by  the  solvents  con¬ 
taining  10  percent  aromatics  is  based 


15,000. 


5ooJ  legend 


_  _ 

_ PIHC 

.  - AVCRAGE  '''w, 

.  AVlRAOt- CMCLOOiNG  SOLUTIONS 

Of  i0%  aromaticity 

LOW  MEDIUM  HIGM 

diluent  boiling  range 

Figure  5. — The  effect  of  boiling  range  of 
diluent  on  the  blooming  of  pentochloro- 
phenol. 
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Figure  6. — The  effect  of  the  anatomical 
characteristics  of  pine  ond  poplar  on  t  e 
blooming  of  pentachlorophenol. 


on  a  combination  of  factors,  inclu''- 
ing  the  temperature  of  the  dryirg 
room,  viscosity  and  vapor  pressure  (>f 
the  diluents,  and  the  effect  of  distill.i- 
tion  range  on  solvency  for  pent.i- 
chlorophenol.  The  temperature  of  the 
drying  room  daily  attained  a  peak  of 
at  least  90°  F.,  thus,  conditions  wcie 
quite  favorable  for  solvent  evapor.i- 
tion.  It  is  believed  that  the  low -boil¬ 
ing  solvent  not  only  moved  to  the 
surface  of  the  wood  most  rapidly  as 
a  result  of  its  lower  viscosity  but  was 
the  first  to  be  completely  evaporated 
from  the  blocks  because  of  its  higher 
vapor  pressure.'*  When  the  evapora¬ 
tion  of  the  low-boiling  solvent  was 
complete,  blooming  stopped.  The 
medium-boiling  oil,  however,  moved 
to  the  surface  at  a  slower  rate.  A  con¬ 
siderably  longer  time  v/as  required 
also  for  its  complete  evaporation.  Tlie 
high-boiling  diluent,  however,  moxed 
and  evaporated  so  slowly  that  bloom¬ 
ing  was  lowest  for  all  groups.  Thus, 
variations  in  the  rates  of  flow  arJ 
vapor  pressures  of  the  diluents  and  jH 
rheir  "holding  power”  for  pentachh  r- 
ophcnol,  together  with  the  interactions 
of  these  variables,  resulted  in  var  a- 
tions  in  the  amount  of  bloom  depc  i- 
ted  on  the  surface. 

Fig.  6  and  Table  4  show  t  ie 
amount  of  bloom  deposited  on  tangc  i- 
tial,  radial,  and  end  surfaces.  Fun*  a- 
mentally.  Fig.  6  shows  how  the  ai  i- 

*  Aveiatje  weifihts  for  groups  of  blocks  c  n- 
posing  Replicate  1  showed  that  the  7-  iv 
weights,  expressed  as  a  percentage  of  untre.  ed 
weights,  were  112,  143,  and  149  for  le 

low-,  medium-,  and  high-boiling  diluc  ;s, 
respectively.  These  figures  show  only  a  tre  d. 
since  any  changes  in  moisture  content  wi.;.;h 
may  have  occurred  during  the  period  were  ot 
determined. 
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TAm.y.  3.  Bloom  collected  from  all  eurfacee  of  wood  blocks  after  7  days  erposure. 
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Amnunt®/ 
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Average _ 

70 

2  607 

3.70 

3  338 

4.75 

5  945 

2  973 

8.45 

2  551 

3.63 

4  213 

5.99 

6  764 

3  382 

9.62 
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10 

3  614 

5.14 

1  824 

2.59 

5  438 

2  719 

7.73 
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3  772 
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9  375 
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18  147 
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CM 
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70 
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1  078 
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40 
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0.89 

1  414 

707 
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10 

8  885 

12.63 

35  466 

50.44 

44  351 

22  176 

63.07 

Subtotal 

Average 

10  425 

3  475 

14.82 

36  418 

12  139 

51.79 

46  843 

15  614 

23  422 

7  807 

66.61 

Hl^ 

Hl^ 

70 

348 

0.50 

78 

0.11 

426 

213 

0.61 

40 

373 

0.53 

74 

0.11 

447 

224 

0.64 

10 

1  286 

1.83 

3  174 

4.51 

4  460 

2  230 

6.34 

Subtotal 

Average 

2  007 

669 

2.86 

3  326 

1  109 

k.ti 

5  333 

1  778 

2  667 

889 

7.59 

Total 

21  204 

30.15 

49  119 

69.85 

70  323 

35  163 

100.00 

ll  Ayerage  of  two  replicates.  These  values  have  been  coded  to  simplify  presentation:  for  example,  2  607  should  be  read 
as  0.000002^7  pound  per  souare  Inch. 


TABLE  k.  Bloom  collected  from  tangential,  radial,  and  end  surfaces^/  of  wood  blocks  after  7  days  exposure 

Diluent  Bloom  per  souare  Inch  -  pound  r  lQ-9  " 

Aromatic  Tangential  mirfaeas  _ Badial  surfaces _  _ gUrlaCfla _ _  AH  surface s£/ 

letion  content.  Both  Both  Both  Both 

rarga  nercent  Pine  Poplar  species  Pine  Poplar  species  Pine  Poplar  species  Pine  Boplar  species 


1>0W 

70 

3 

77lfi/ 

3 

128 

6 

899 

1 

443 

4 

869 

6 

312 

4 

269 

2 

839 

7 

108 

9 

483 

10 

836 

20 

319 

Low 

40 

3 

415 

4 

754 

8 

169 

1 

490 

4 

443 

5 

933 

3 

989 

4 

776 

8 

765 

8 

894 

13 

973 

22 

867 

Low 

10 

3 

382 

2 

06l 

5 

443 

1 

527 

1 

851 

3 

378 

5 

200 

2 

744 

7 

944 

10 

109 

6 

656 

16 

765 

Subtotal 

10 

568 

9 

943 

20 

511 

4 

460  • 

11 

163 

15 

623 

13 

458 

10 

359 

23 

817 

28 

486 

31 

465 

59 

951 

Meditun 

70 

405 

459 

864 

342 

423 

765 

1 

718 

1 

246 

2 

96ii 

2 

465 

? 

128 

4 

593 

Medium 

40 

377 

790 

1 

167 

770 

1 

065 

1 

835 

1 

327 

184 

1 

511 

2 

474 

2 

039 

4 

513 

Mediiun 

10 

10 

679 

19 

478 

30 

157 

6 

226 

15 

796 

22 

022 

12 

367 

175 

045 

187 

412 

29 

272 

210 

319 

239 

591 

Subtotal 

11 

461 

20 

727 

32 

180 

7 

338 

17 

284 

24 

622 

15 

412 

176 

475 

191 

887 

34 

211 

214 

486 

248 

697 

Hl^ 

70 

103 

124 

227 

85 

133 

218 

483 

259 

742 

671 

516 

1 

187 

40 

112 

96 

208 

110 

76 

186 

1 

058 

593 

1 

651 

1 

280 

765 

2 

045 

Rleii 

10 

1 

941 

1 

583 

3 

524 

813 

1 

262 

2 

075 

6 

288 

14 

482 

20 

770 

9 

042 

17 

327 

26 

369 

Subtotal 

2 

156 

1 

803 

3 

959 

1 

003 

1 

471 

2 

479 

7 

829 

15 

334 

23 

163 

10 

993 

13 

608 

29 

601 

•Total 

24 

185 

32 

473 

56 

658 

12 

806 

29 

918 

42 

724 

36 

699 

202 

168 

238 

867 

73 

690 

264 

559 

333 

249 

Average 

2 

687 

3 

608 

3 

148 

1 

423 

3 

324 

2 

374 

4 

111 

22 

463 

13 

287 

8 

188 

29 

395 

18 

792 

tl  Replicate  1  only. 

i/  These  totals  do  not  equal  those  shown  in  Table  2,  because  of  the  wei^tlng  effect  of  the  area. 

i/  The  values  shown  have  been  coded  to  simplify  presentation;  for  example,  3  771  sho\ild  be  read  as  0.000C03771  pound  per 
SQuare  inch, 

toniical  characteristics  of  pine  and  pop¬ 
lar  affected  blooming.  The  group  of 
three  bars  located  on  the  right  side  of 
the  'igure  indicate  that  end  bloom  was 
greafest,  followed  by  tangential  and 
radi.tl  bloom.  These  results  are  about 
wh.i'  one  should  expect,  since  the  di- 
luep's  used  do  not  penetrate  the  cell 
^'alt  .  but  move  through  the  cell 
lun,  na  and  pits;  thus,  the  size  of  the 
'an.  MS  anatomical  elements  would 
con  .)!  the  flow  of  the  solution  to  the 
sun.  e  of  the  wood  and  the  amount 
of  I  .  torn  deposited. 
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Undoubtedly  the  extreme  amount 
of  blooming  on  the  end  grain  of  pop¬ 
lar  was  the  result  of  heavier  flow 
through  vessels  which  had  compara¬ 
tively  greater  unobstructed  length  and 
were  two  to  three  times  larger^  in 
diameter  than  the  tracheids  of  pon- 
derosa  pine.  The  vertical  resin  ducts 
of  the  pine  probably  aided  in  the  flow 
of  the  solution  to  the  end  surface  and 

’  Brown.  H.  P.,  A.  J.  Panshin,  and  C.  C. 
Forsaith.  1949.  Textbook  of  wood  technology. 
Vol.  I.  McGraw-Hill  Book  Co.,  Inc.  New 
York. 


the  development  of  bloom,  although 
their  influences  probably  was  not  great 
because  of  their  small  diameter  and 
limited  number. 

The  amount  of  bloom  which  de¬ 
veloped  on  the  radial  surfaces  of  the 
poplar  blocks  was  substantially  heavier 
than  that  for  pine.  The  difference  in 
amount  of  bloom  may  have  been  the 
result  of  inter-vessel  flow  being  heav¬ 
ier  than  intcr-tracheid  flow.  The 
large  end-wall  openings  of  the  vessels 
could  account  for  this  difference. 
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TABLE  5.  Bloom  collected  from  all  surfaces  of  blocks  after  exposure  of  7  days  and  37  days 


Bloom  ner 

square  inch  -  T-niiTiH  i  10-9&/ 

_ After  7  dave  emnwire 

_ BlWnt _ 

Both  enecles 

Total 

both 

Bolling  Aromatic 

raaefl _ content 

_ 

_ _ 

_ jQtal 

Percent  of 

_ 37-dAY  lone 

Pine 

Ponlnr 

Low 

70 

2  807 

3  871 

6  678 

55.5 

6  308 

5  721 

12  0'’9 

Low 

40 

2  638 

4  616 

7  254 

62.8 

4  619 

6  928 

11  547 

Low 

10 

2  793 

2  043 

4  836 

12.6 

11  340 

27  010 

38  350 

Subtotal 

8  238 

10  530 

18  768 

30.3 

22  267 

39  659 

61  9;’6 

Average 

2  746 

3  510 

6  256 

30.3 

7  422 

i3  220 

20  6  -2 

Medium 

70 

541 

534 

1  075 

17.6 

2  611 

3  489 

6  1  "'■o 

Medium 

40 

668 

846 

1  514 

14.8 

6  318 

3  882 

10  2  >0 

Medium 

10 

8  927 

35  639 

44  566 

63.0 

13  560 

57  170 

70  7-0 

Subtotal 

10  136 

37  019 

47  155 

54.2 

22  489 

64  541 

87  C  O 

Average 

3  379 

12  340 

15  718 

5^.2 

7  496 

21  514 

29  C  O 

Hl^ 

70 

142 

144 

286 

93.5 

158 

148 

3  6 

Hl^ 

40 

229 

144 

373 

89.4 

2t)8 

169 

4’  7 

Hl^ 

10 

1  986 

2  916 

4  902 

15.4 

20  113 

11  666 

31  7  9 

Subtotal 

2  357 

3  204 

5  561 

17.1 

20  519 

11  983 

32  '  2 

Average 

786 

1  068 

1  854 

17.1 

6  840 

3  994 

10  e  4 

Total 

20  731 

50  753 

71  484 

39.4 

65  275 

116  183 

181  1  3 

Average 

2  303 

5  639 

7  942 

39.4 

7  253 

12  909 

20  3  -  2 

Percent  of  37-day  lose 

31.8 

43.7 

39.4 

— 

100.0 

100.0 

lO-'.O 

a/  Values  coded; 
h/  Includes  loss 

for  example,  2  807 
at  end  of  7  days. 

should  be  read 

as  0.000002807  pound  per  square 

inch. 

The  bars  showing  the  amount  of 
bloom  for  each  of  the  three  surfaces 
of  pine  and  poplar  indicate  that  tan¬ 
gential  blooming  for  poplar  was 
slightly  greater  than  that  for  pine. 
This  difference  was  probably  due  to 
the  greater  flow  capacity  of  the  pop¬ 
lar  ray  cells. 

Table  5  shows  the  bloom  values 
obtained  after  short-term  and  long¬ 
term  exposures  of  blocks  composing 
Replicate  1.  If  blooming  occurred  at 
a  constant  rate,  one  should  expect  ap¬ 
proximately  2.7  percent  of  the  total 
to  develop  daily,  or  about  19  percent 
of  the  37-day  total  to  be  deposited 
during  7  days  exposure.  Five  of  the 
nine  solutions,  however,  deposited 
bloom  during  the  7-day  period  at 
three  to  five  times  the  average  daily 
rate.  Almost  40  percent  (39.4)  of  the 
total  bloom  developed  the  first  7  days, 
ranging  from  12.6  percent  for  the 
low-boiling  diluent  containing  10  per¬ 
cent  aromatics  to  93.5  percent  for  the 
high-boiling  solvent  of  70  percent  aro¬ 
matic  content.  If  viscosity  or  aromatic¬ 
ity  of  the  solvent  individually  or  col¬ 
lectively  influenced  the  rate  of  bloom¬ 
ing,  a  trend  would  be  shown  by  the 
data  in  Table  5.  No  definite  trend  is 
shown,  however. 

About  44  percent  (43.7)  of  the 
total  bloom  for  poplar  developed  the 
first  7  days,  whereas  only  31.8  per¬ 
cent  developed  during  this  period  on 
the  pine. 

No  distinction  has  been  made  re¬ 
garding  the  type  of  bloom  which  de¬ 


veloped  on  the  blocks,  since  any  type 
represents  an  undesirable  reaction; 
however,  bloom  deposits  ranged  from 
those  formed  of  relatively  large,  indi¬ 
vidual  crystals  which  were  easily  seen 
with  the  aid  of  a  15X  hand  lens  to  a 
very  fine  chalky  deposit  which  re¬ 
quired  50X  magnification  to  distin¬ 
guish  the  acicular  form  of  the  crys¬ 
tals.  Some  types  were  easily  removed 
by  brushing,  whereas  others  were 
more  difficult.  In  general,  the  low 
aromatic  solvents  produced  the  smaller 
crystals. 

Table  6  shows  the  amount  of  bloom 
formed  on  the  springwood  and  sum- 
merwood  of  pine.  A  "Student’s  t”  test 
applied  to  these  data  showed  no  sig¬ 
nificant  difference  between  the  mean 
bloom  for  springwood  and  that  for 
summerwood. 

Table  6 — BLOOMING  OF  PENTACHLORO- 
PHENOL  ON  THE  SPRINGWOOD  AND 
SUMMERWOOD  OF  PON- 
DEROSA  PINE 


Bloom  removed-pound 
per  sq.  in.  x  10~®“ 


Block  number 

Spring- 

wood 

Summer- 

wood 

l.._ . . 

2  668 

2  321 

2 . . . . 

602 

258 

3 _ 

1  892 

1  290 

4 _ _ 

688 

602 

5 _ _ _ 

774 

860 

6 . . . 

1  719 

6  688 

7.. . .  . . 

1  118 

860 

8 . . . 

1  118 

1  032 

9.. . . . 

1  032 

1  290 

10. . . . . 

774 

946 

Total _ _ 

12  38.5 

16  147 

Average _ 

1  238 

1  615 

Standard  error _ 

208 

589 

•These  values  have  been  coded:  the  springwood 
value  for  Block  No.  1  should  be  read  as  .000002668 
pound  per  square  inch. 


Summary  and  Conclusions 

One  hundred  and  eighty  sapt\oo(l 
blocks,  half  of  them  ponderosa  pine 
and  half  yellow  poplar,  were  treated 
in  soil  solutions  of  pentachlorophcnol. 
The  blocks,  approximately  three-quar¬ 
ter  inch  square  in  cross  section  and  3 
inches  long,  were  cut  to  represent  as 
nearly  true  radial  and  tangential  side- 
grain  surfaces  as  practical.  The  dilu¬ 
ents  for  the  treating  solutions  were 
blended  from  six  oils,  two  each  from 
low,  medium,  and  high  distillation 
ranges.  Within  each  of  the  distilla¬ 
tion-range  groups  the  diluents  were 
blended  to  have  aromatic  contents  of 
10,  40,  and  70  percent. 

The  treated  blocks  were  dried  7 
days  on  a  rack  which  permitted  free 
exposure  of  all  surfaces  of  the  blocks. 
At  the  end  of  the  drying  period  the 
bloom  (crystals  of  pentacholorplienol 
deposited  on  the  surface  of  the  wood) 
was  removed  with  a  brush  and  the 
amount  determined  from  weight  dif¬ 
ferences  of  the  blocks.  The  bru^hing 
and  weighing  process  was  repeat,  i  at 
the  end  of  30  additional  days.  The 
results  of  these  determinations  shewed 
that; 

1.  With  the  exception  of  low  oil¬ 
ing  diluents,  short-term  and  ‘  rig- 
term  bloom  decreased  sharply  a^  the 
aromatic  content  of  the  diluent  in¬ 
creased  from  10  to  40  percent  In¬ 
creasing  the  aromatic  content  ot  'he 
diluent  to  70  percent  had  much  ess 
eflFect  on  blooming,  although  a  m- 
(  Continued  on  page  74) 
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Mercury-Tolerant  Pehicillia  Causing  Discoloration 
in  Northern  White  Pine  Lumber' 

FREDERICK  L.  BROWN 

Department  of  Forest  Botany  and  Pathology,  State  University  of  New  York,  College  of  Forestry,  Syracuse  10,  New  York. 


Two  fungi  isolated  from  mercurial-treated  lumber  were  shown 
to  be  the  cause  of  a  deeply-penetrating  blue  discoloration  of 
northern  white  pine  (Pinus  strobus  L.)  sapwood.  These  fungi, 
Penicillium  cyclopium  West,  and  Penicillium  crustosum  Thom, 
were  found  to  be  several  times  more  tolerant  of  mercury  than  a 
common  blue-staining  organism,  Ophiostoma  coeruleum  (Munch) 
Syd.  Comparative  data  on  their  mercury  tolerance  are  given.  The 
fungi  caused  no  significant  decrease  in  the  toughness  of  discolored 
specimens  and  seemingly  destroyed  epithelial  tissue  only. 


Introduction 

HE  VALUE  OF  LUMBER  tO  be  USed 
with  a  natural  finish  is  greatly 
reduced  by  discolorations  that  mar  its 
appearance.  Discolorations  caused  by 
microorganisms  usually  can  be  pre¬ 
vented  by  rapid  drying.  Where  kilning 
is  impractical  and  where  prevailing 
climatic  conditions  will  not  permit 
sufficiently  rapid  air-dyring,  prevention 
must  be  based  on  the  use  of  toxic 
chemicals  in  conjunction  with  proper 
piling  practices. 

Although  extensive  research  has  in- 
dicetted  the  value  of  organic  mercurials 
and  various  chlorinated  phenols  for 
the  prevention  of  fungal  discolora¬ 
tions,  it  has  been  shown  that  certain 
fungi  are  tolerant  of  specific  chemicals. 
One  of  these  tolerance  phenomena  is 
that  of  various  species  of  Penicillium 
for  organic  mercurials.  The  use  of  so¬ 
lutions  containing  only  mercurial  com¬ 
pounds  permits  extensive  penicillial 
development  and,  in  some  cases,  seem¬ 
ingly  stimulates  the  growth  of  these 
fungi  (2,  5,  9,  10,  11).- 

Some  studies  have  indicated  an  ap¬ 
parent  relationship  between  the  pres¬ 
ence  of  Penicillium  on  mercurial- 
treated  lumber  and  the  presence  of  a 
deeply-penetrating  discoloration  (7, 
11).  Samples  of  discolored  mercurial- 
treated  white  pine  obtained  from  a 
large  northeastern  mill  show  that  a 
similar  relationship  has  occurred  in 
commercial  operations. 

Objectives  of  the  Study 

The  objectives  of  this  study  were 
to  d?  termine: 

'  A  'intributed  paper.  Portions  of  this  paper 
feprt  ited  partial  fulfillment  of  the  require¬ 
ment  tor  the  decree  of  Master  of  Science 
Krant  by  the  State  University  of  New  Yprk. 
Coll(  of  Forestry.  The  study  was  conducted 
undi  'he  direction  of  Dr.  Robert  A.  Zabel. 

’  N  ibers  in  parentheses  refer  to  "Literature 
Liteo  at  the  end  of  this  paper. 


1.  The  relationship  between  mer¬ 
cury-tolerant  penicillia  and  the 
deeply-penetrating  discoloration 
associated  with  them. 

2.  The  effects  of  the  penicillia  on 
wood. 

3.  The  degree  of  tolerance  exhib¬ 
ited  by  these  fungi  to  various 
mercury  compounds. 

Fungi  Used 

Scheffer  and  Lindgren  (7)  listed 
the  fungus,  Penicillium  expansum 
(Lk.)  Thom,  as  being  tolerant  of 
ethylmercury  phosphate  and  ethyl- 
mercury  chloride.  Verrall  (10)  sug¬ 
gested  that  this  was  probably  the  same 
fungus  that  was  later  determined  by 
the  Northern  Regional  Research  Labo¬ 
ratory  to  be  Penicillium  cyclopium.  In 
the  present  study  three  isolates  of 
Penicillium  taken  from  mercurial- 
treated  lumber  were  used.  Two  iso¬ 
lates  from  northern  white  pine  were 
furnished  by  Dr.  R.  A.  Zabel,  State 
University  of  New  York,  College  of 
Forestry.  Of  these  two  isolates,  C-1 
was  obtained  in  New  York  while  B-1 
originated  in  Maine.  A  third  isolate, 
V-1,  from  southern  yellow  pine  in 
Mississippi,  was  supplied  by  Dr.  A.  R. 
Verrall,  Bureau  of  Plant  Industry,  Di¬ 
vision  of  Forest  Pathology.  The  three 
isolates  were  identified  by  Dr.  K.  B. 
Raper,  then  of  the  Northern  Regional 
Research  Laboratory,  as  follows: 

Isolate  B-1 — Penicillium  crustosum 
Thom 

Isolate  C-1 — Penicillium  cyclopium 
West. 

Isolate  V-1 — Penicillium  cyclopium 
West. 

Relationship  Between  the  Penicillia 
and  Interior  Discoloration 

Test  specimens  0.75  x  0.75  x  6.0 
in.  were  prepared  from  freshly-felled 


white  pine  sapwood.  These  were 
marked,  weighed,  placed  in  large- 
mouth  gallon  jars,  and  steam  sterilized 
for  one  hour  at  100  degrees  C.  The 
specimens  were  sprayed  w'ith  spore 
suspensions  of  isolates  B-1  and  C-1 
and  incubated  at  24  degrees  C.® 

At  regular  intervals  test  specimens 
were  removed  for  observation  and  for 
fungal  isolations. 

After  one  week  of  incubation  all 
the  test  specimens  exhibited  exterior 
fungal  growth  but  showed  no  interior 
cii.s:oloration.  The  following  week  all 
specimens  showed  definite  interior  dis¬ 
colorations,  and  isolations  from  these 
indicated  that  the  penicillia  had  pene¬ 
trated  to  the  center  of  the  specimens. 
Four  weeks  following  inoculation  blue 
interior  discoloration  was  present 
throughout  the  test  specimens  (Fig. 
1).  Cultures  obtained  from  the  dis¬ 
colored  specimens  proved  identical 
with  the  original  isolates.  The  discol¬ 
oration  seemed  to  be  concentrated  in 
the  summerwood,  and  microscopic 
study  showed  the  discoloration  to  be 
caused  by  dark  blue  masses  of  conidia 
produced  in  the  tracheids  surrounding 
longitudinal  resin  canals.  Hyphae  were 
hyaline  and  caused  no  discoloration. 

From  this  evidence  it  was  con¬ 
cluded  that  P.  cyclopium  and  P.  crus¬ 
tosum  cause  a  deeply  penetrating  dis¬ 
coloration  in  white  pine  sapwood. 

Effects  of  the  Penicillia  on  Wood 

The  manner  in  which  woody  tissues 
were  invaded  and  the  effects  of  the 
fungi  on  wood  structure  were  studied 
microscopically.  Radial  and  tangential 
sections  20  thick  were  made  with  a 
sliding  microtome  from  wood  dis¬ 
colored  by  isolates  B-1  and  C-1.  The 
staining  process  devised  by  Cartwright 
(4),  with  a  few  modifications,  gave 
good  differential  staining  of  woody 
and  fungal  tissues.  Sections  were  left 
in  safranin  for  15  minutes  instead  of 
a  few  seconds  and  the  completed  sec¬ 
tions  were  cleared  in  xylene  rather 
than  clove  oil. 

Although  all  tissues  of  the  wood 
were  invaded,  the  greatest  concentra- 

"  The  optimum  temperature  for  growth  of 
both  organisms  on  malt  agar  medium  was 
found  to  be  24  degrees  C.  (3). 
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Figure  1. — Left:  Interior  discoloration  caused  by  Penicillium 
cyclopium  in  sopwood  specimens  of  northern  white  pine.  Right: 
Normal  bright  specimen. 


Figure  2. — Photomicrograph  showing  conidia  and  conidiophorrv  of 
Penicillium  crustosum  in  tracheids  of  northern  white  pine. 


tion  of  hyphae  were  found  in  the 
longitudinal  and  transverse  resin  ca¬ 
nals.  The  epithelial  tissue  of  the  resin 
canals  appeared  to  be  completely  de¬ 
stroyed,  but  the  ray  parenchyma  cell 
walls  were  not  affected.  After  16 
weeks  of  incubation  the  walls  of  ray 
parenchyma  cells  showed  no  evidence 
of  deterioration  although  these  cells 
were  filled  with  hyphae.  Passage  be¬ 
tween  tracheids  was  accomplished 
through  bordered  pits.  Most  hyphae 
penetrated  through  the  pit  border 
rather  than  through  the  pit  aperture. 
Hyphae  were  not  observed  to  pass  di¬ 
rectly  through  tracheid  walls  devoid 
of  pits.  Conidiophores  and  conidia 
were  conspicuous  in  stained  sections  of 
discolored  wood  (Fig.  2). 

Groups  of  20  discolored  and  bright 
specimens  of  white  pine  sapwood  were 
compared  on  the  basis  of  toughness  as 
determined  by  the  method  developed 
at  the  Forest  Products  Laboratory-  ( 1 ) . 
Analysis  of  the  data  on  the  basis  of 
group  means  indicated  no  significant 
difference  in  toughness  between  the 
two  groups. 

Mercurial  Tolerance  Exhibited 
by  the  Penicillia 

Comparative  mercury  tolerance  was 
studied  using  two  per  cent  malt  agar 
medium  containing  various  concen¬ 


trations  of  the  following  compounds: 
mercuric  chloride,  ethylmercury  phos¬ 
phate,  ethylmercury  acetate,  phenyl- 
mercuric  acetate,  and  phenylmerciiric 
hydroxide.* 

The  reactions  of  the  penicillia  to 
these  chemicals  were  compared  with 
the  reaction  of  an  isolate  of  Ophios- 
toma  coeruleum,  a  common  staining 
organism  in  the  Northeast  (12),  to  the 
same  concentrations  of  toxic  materials. 
Petri  plates  were  prepared  so  that  five 
replicates  of  media  containing  0.25, 

O. 49,  0.98,  1.90,  3.61,  5.17,  6.60, 
7.90,  and  9.10  ppm.  of  mercury  were 
obtained  for  each  compound  tested. 
Each  plate  was  streaked  with  each  of 
three  spore  suspensions:  P.  cyclopium, 

P.  crustosum,  and  O.  coeruleum,  and 
the  test  was  incubated  for  10  days  at 
24  degrees  C.  Results  were  recorded 
as  the  presence  or  lack  of  growth,  and 
the  criterion  for  comparison  was  that 
concentration  which  inhibited  growth. 

The  penicillia  were  found  to  be 
from  7  to  20  times  more  tolerant  of 
the  mercurials  than  was  O.  coeruleum. 


*  The  mercuric  chloride  was  of  c.  p.  s^ade. 
Phenylmercuric  hydroxide  and  phenylmercuric 
acetate  were  obtained  from  the  Matheson  Com- 
any  and  were  of  their  "practical”  rttade. 
thylraercury  phosphate  and  ethylmercury  ace¬ 
tate  were  samples  obtained  from  E.  1.  du  Pont 
de  Nemours  &  Co.  and  the  purity  of  the 
chemicals  was  not  designated. 


Also,  among  the  compounds  tested  at 
equivalent  concentrations  of  mercury 
the  decreasing  order  of  fungistatic  ef¬ 
fectiveness  was:  ethylmercury  acetate, 
ethylmercury  phosphate,  phenylmcrcu- 
ric  hydroxide,  phenylmercuric  acetate, 
and  mercuric  chloride.  The  concen¬ 
trations  found  to  bracket  the  point  of 
inhibition  of  fungal  growth  are  given 
in  Table  1. 

Discussion  of  Results 

The  discolorations  caused  by  P.  cy 
clopium  and  P.  crustosum  overlaji  the 
generally  accepted  definitions  of  mold 
and  stain  fungi  (6).  These  two  fungi 
are  exceptions  to  the  general  rule  that 
molds  do  not  cause  deeply-penetnting 
discoloration  in  lumber.  Discoloration, 
caused  by  masses  of  conidia,  will  re¬ 
sult  under  conditions  permittin;  ex¬ 
tensive  development  of  these  lungi. 
It  is  suggested  that  the  term  -.tain 
fungi”  be  construed  to  include  any 
fungus,  except  wood  decay  organ  sms. 
that  causes  a  discoloration  which  can¬ 
not  be  removed  by  standard  planing 
operations.  Penicillium  crustosun  has 
not  previously  been  reported  a-  the 
cause  of  a  deeply-penetrating  il!>>.ol- 
oration  in  wood. 

The  effects  of  P.  cyclopium  as  1  P- 
crustosum  on  the  wood  tissues  in-  Jed 
were  similar  to  the  effects  of  the  lore 
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Table  1.  Concentrations  of  various  mercury0ompoun(ls  found  to  bracket  the 
point  of  inht>ition  of  growth  of  Ophiostoma  coeruleum,  Penicillium  cyclopium 
and  Penicillium  crustosum  on  malt  agar  medium.  (Concentrations  are  expressed 
in  terpns  of  both  mercury  and  whole  chemical. 


Chemical 


Fungi 


O.  coeruleum  |  P.  cyclopium 

Bracketing  concentrations  (ppm.) 


P.  crustosum 


Whole 

Mercury  Chemical 

Ethylmercury 

acetate  0.00-0.23  0.00-0.36 

Ethylmercury 

phosphate  0.00-0.23  0.00-0.33 

Phenylmercuric 

hydroxide  0.23-0.49  0.37-0.72 

Phenylme  rcuric 

acetate  0.00-0.23  0.00-0.42 


Mercuric 

chloride 


9.10-  12.4- 


Whole 

Mercury  Chemical 


0.98-1.90  1.41-2.73 


1.90-3.61  2.48-4.70 


3.61-3.  17  3.  30-7.58 


5.17-6.60  8.66-11.0 


9.10-  12.4- 


Whole 
Mercury  Chemical 


0.98-1.90  1.41-2.73 


1.90-3.61  2.48-4.70 


3.  61-5.  17  5-.  30-7.58 


3.61-5.  17  6.03-8.66 


9.  10- 


All  the  fungi  grew  on  the  highest  concentration  of  mercuric  chloride  tested. 


coi'  mon  staining  organisms.  The  one 
not.ible  difference  was  that  uniseriate 
woi'd  rays  did  not  appear  to  be  dam¬ 
aged.  Extensive  interior  discoloration 
wi'  not  correlated  with  a  significant 
decrease  in  toughness,  a  fact  which 
see  ns  logical  as  only  epithelial  tissue 
wa>  destroyed  by  the  fungi.  However 
th^  tests  herein  reported  showed  large 
standard  deviations  which  may  have 
obscured  significant  differences  be- 
tw  en  discolored  and  bright  speci- 
mc  as. 

■('he  methods  and  materials  used  in 
this  test  of  mercurial  tolerance  pre¬ 
clude  direct  comparison  with  other 
tests.  Shema  and  Conkey  (8)  and  Ver- 
rall  (10)  report  results  obtained  al¬ 
most  exclusively  with  proprietary  ma¬ 
terials.  In  one  instance  Verrall  reports 
that  green  pine  sapwood  treated  with 
a  solution  containing  150  ppm. 
phenylmercuric  acetate  favored  the 
growth  of  P.  cyclopium  in  preference 
to  other  fungi.  Shema  and  Conkey 
indicate  that  on  malt  agar  medium  the 
growth  of  P.  expansum  is  normally  in¬ 
hibited  by  7.0  ppm.  of  a  highly  puri¬ 
fied  grade  of  phenylmercuric  acetate. 
However,  the  latter’s  inhibition  data 
on  several  proprietaries  containing 
phenylmercuric  acetate  exhibit  large 
variations.  Based  on  commercial 
formulations  the  inhibiting  concentra¬ 
tion  of  phenylmercuric  acetate  ranged 
from  approximately  3.8  to  9.0  ppm. 
In  previous  tests  by  the  author  (3), 
in  which  proprietary  materials  were 
used,  the  growth  of  P.  crustosum  was 
found  to  be  inhibited  by  a  concentra¬ 
tion  of  ethylmercury  phosphate  be¬ 
tween  12.50  and  18.75  ppm. 'The  test 
herein  reported,  in  which  pure  ethyl¬ 
mercury  phosphate  was  used,  showed 
the  same  fungus  to  be  inhibited  by  a 
concentration  between  2.48  and  4.70 
ppm.  In  a  test  to  determine  mercurial 
tolerance  it  therefore  seems  desirable 
to  use  pure  chemicals. 

The  results  herein  reported  may  only 
be  considered  as  relative.  Exact 
thresholds  of  inhibition  were  not  de¬ 
termined.  When  tested  on  malt  agar 
containing  known  concentrations  of 
individual  mercury  compounds  the 
penicillia  were  shown  to  be  from  7  to 
20  times  more  tolerant  of  the  mer¬ 
curials  than  was  O.  coeruleum.  Among 
the  compounds  tested  at  equivalent 
amounts  of  mercury  the  decreasing 
Order  of  effectiveness  was:  ethyl- 
merci;ry  acetate,  ethylmercury  phos¬ 
phate  phenylmercuric  hydroxide, 
phenylmercuric  acetate,  and  mercuric 
chlor’  le. 

Summary 

Til  major  results  of  this  study  may 
be  sii  iimarized  as  follows: 
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1.  Penicillium  cyclopium  and  Peni¬ 
cillium  crustosum  were  shown  to  cause 
a  deeply-penetrating  blue  discolora¬ 
tion  in  white  pine  sapwood.  This  was 
caused  by  masses  of  conidia  produced 
in  the  proximity  of  longitudinal  resin 
canals.  Hyphae  were  hyaline  and 
caused  no  discoloration. 

2.  The  fungi  did  not  damage  ray 
parenchyma  cell  walls,  but  epithelial 
tissue  seemed  to  be  completely  de¬ 
stroyed.  There  was  no  significant  dif¬ 
ference  in  toughness  between  dis¬ 
colored  and  bright  wood. 

3.  On  malt  agar  media  containing 
various  amounts  of  pure  mercury  com¬ 
pounds  the  penicillia  exhibited  a  tol¬ 
erance  to  mercury  7  to  20  times  that 
exhibited  by  Ophiostoma  coeruleum. 
When  tested  at  equivalent  amounts  of 
mercury  the  order  of  decreasing  effec¬ 
tiveness  of  the  compounds  was: 
ethylmercury  acetate,  ethylmercury 
phosphate,  phenylmercuric  hydroxide, 
phenylmercuric  acetate,  and  mercuric 
chloride. 
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Research  - 

Research — Vital  Concern  of  Wood  Industry 

RAY  E.  SHRECK 

Director  of  Research,  Union  Lumber  Company,  San  Francisco,  Calif. 


It  is  emphasized  that  products  currently  taking  over  wood 
markets  are  relatively  new  and  based  on  a  solid  background  of 
research.  The  only  way  they  can  move  is  upward.  Hence,  to  hold 
present  markets  and  gain  new  ones  it  is  imperative  that  the  wood 
industry  itself  put  emphasis  on  both  basic  and  product  research. 


The  pacific  southwest  Section 
of  F.  P.  R.  S.  is  in  an  area  where 
the  wood  industries  are  principally 
concerned  with  secondary  processing 
of  wood  products.  You  are  a  step 
closer  to  the  ultimate  consumer  than 
those  of  us  who  are  initially  concerned 
with  primary  processing  of  forest 
products.  Regardless  of  the  phase  of 
processing  in  our  respective  industries, 
it  is  essential  that  we  increase  our  un¬ 
derstanding  of  all  phases  of  the  wood 
industry  if  we  are  to  maintain  com¬ 
petitive  positions  in  that  field.  This 
we  can  accomplish  by  research  and 
the  exchange  of  information  gained 
through  research. 

It  is  not  by  accident  or  coincidence 
that  elements  of  our  wood  industries 
have  shown  extraordinary  growth  in 
physical  and  dollar  volume,  and  in 
number  of  new  products,  following  the 
establishment  of  research  programs. 
Annual  reports  of  many  companies  in 
the  wood  industry,  in  recent  years, 
show  the  expenditure  of  millions  of 
dollars  for  plant  facilities  of  types 
that  were  unknown  prior  to  the  re¬ 
search  that  found  the  ways  to  produce- 
new  and  useful  products  from  the 
growth  of  our  forests. 

I  believe  it  is  obvious  that  there  is 
•no  basis  upon  which  to  question  the 
constructive  value  of  research  to  our 
industry  and  it  is  not  necessary  to  cite 
the  roster  of  companies  who  have  con¬ 
tributed  so  much  to  perpetuating  our 
forests  through  new  and  better 
utilization. 

It  is,  however,  appropriate  that  wc 
should  keep  in  mind  that  within  the 
membership  of  this  Society  are  the 
names  of  men  who  have  made  some 
of  the  most  notable  contributions  to 
better  utilization  within  our  industry. 

I  believe  it  is  a  fact  that  the  future 
of  our  forests  and  of  our  forest  indus¬ 
tries  is  inescapably  tied  to  research. 
Fundamental  research,  as  typified  by 
the  old  German  pattern,  is  a  prime 

'  Presented  at  meetinji;  <>f  the  Forest  Products 
Research  Society,  Pacific  Southwest  Section, 
May  20,  Idsy,  at  Los  Angeles. 


necessity  in  developing  a  backlog  of 
fundamental  knowledge  of  subjects 
under  study.  Such  research,  in  my 
opinion,  should  be  done  in  universi-  • 
ties  and  other  governmental  organiza¬ 
tions  and  the  material  there  compiled 
should  be  available  to  all  who  may 
make  further  use  of  it.  The  applica¬ 
tion  of  fundamental  research  is  a  job 
for  industrial  research  laboratories 
and  organizations.  Generally,  the  sci¬ 
entist  who  is  particularly  competent 
in  fundamental  research  has  limited 
interest  and  ability  in  relating  his 
work  to  economic  purposes. 

Aside  from  contributing  to  the  fund 
of  academic  knowledge  no  research 
will  be  carried  to  an  economic  end 
use  without  the  constructive  coopera¬ 
tion  between  scientists  working  in  a 
practical  direction  of  application  and 
industry  executives  who  have  the 
vision  to  understand  the  value  of  re¬ 
search,  together  with  the  means  and 
ability  to  give  it  economic  application. 

We  are  particularly  fortunate  that 
in  this  Society  we  have  a  balanced 
membership  of  scientists  and  engineers 
with  technical  vision  together  with 
executives  with  economic  imagination 

My  comments,  so  far,  have,  largely, 
been  related  to  the  scientific  applica¬ 
tion  of  research  and  to  specific  groups 
of  individuals  and  elements  of  the 
wood  industry  who  have  consistently 
progressed  in  the  field  of  wood  utiliza¬ 
tion.  The  economic  value  of  research 
becomes  evident  when  and  to  the  ex¬ 
tent  it  is  given  industrial  application. 
Despite  the  excellent  accomplishments 
which  arc  of  record,  a  composite  view 
of  the  total  wood  industries  indicates 
that  while  the  quality  has  been  good 
the  quantity  of  research  has  been 
inadequate. 

The  wood  industries  generally  have 
enjoyed  a  number  of  profitable  years, 
but  there  are  few  in  those  industries 
who  have  failed  to  observe  that  there 
are  hazards,  present  and  potential, 
that  do  not  justify  a  too  complacent 
or  serene  attitude.  Despite  increased 
volumes  of  wood  products  going  into 


distribution,  the  wood  industries  are 
losing  markets — as  is  indicated  by  de¬ 
creased  per  capita  use — to  competing 
materials.  This  trend  will  not  be  e- 
versed  by  wishful  thinking,  tree  farr  s, 
faster  head  rigs  or  increased  sa^es 
forces.  The  natural  concomitant  in  a 
plan  to  retain  and  increase  distribu¬ 
tion  of  wood  products  in  the  face  )f 
growing  competition  from  steel,  alu¬ 
minum,  asbestos,  plastics  and  other 
materials  is  more  research  of  suitable 
character  in  the  wood  field.  The  na¬ 
tural,  useful  qualities  of  wood  may 
often  be  overlooked  when  the  ci  n- 
sumer  is  confronted  with  the  results 
of  research  and  development  in  coin- 
peting  products. 

During  the  past  45  years  this  na¬ 
tion’s  population  increased  40  per¬ 
cent.  Lumber  use  should  have  gone  up 
at  least  20  per  cent  or  more.  Instead, 
today’s  larger  population  is  using  17 
percent  less  lumber.  This  decreased 
use  of  wood  should  be  of  alarming 
importance  to  all  processors  of  wood 
whether  particle  sizes  are  measured  in 
tons  or  ounces  and  without  regard  to 
specie. 

During  the  20  years — 1928  to  1948 
— the  population  of  the  United  States 
increased  22  percent  while  the  per 
capita  lumber  consumption  decreased 
about  8  percent. 

In  the  period  1940-1950  the  per 
capita  consumption  of  lumber  rose 
from  225  board  feet  to  274  board 
feet,  an  increase  of  22  percent.  This 
might  indicate  an  improvement  in  the 
lumber  position — but  it  did  not. 

Over  the  long  pull  1904  to  1950 
the  per  capita  consumption  of  lumber 
dropped  from  504  to  274  board  teet, 
a  decline  of  45.6  percent. 

Although  the  per  capita  lumbs;  in¬ 
crease  was  22  percent  in  the  moi  re¬ 
cent  period,  note  how  it  fared  ii  the 
competitive  field.  Steel  products  ga  ned 
37  percent — cement  50  percent  in¬ 
sulating  board  100  percent — aluminum 
products  206  percept — gypsum  vail 
board  400  percent. 

in  1940  per  capita  consumption  of 
plastic  and  resin  materials  was  al  out 
4  ounces.  In  1950  it  had  reachec  10 
pounds  and  6  ounces,  an  incrcas  ol 
2,414  percent. 

In  1951,  while  lumber  was  invest¬ 
ing  a  total  of  $819,000 — three  me 
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hu.idredths  of  one  percent  of  its  gross 
va  ae — in  product  research,  competi- 
ti\i,  materials  were  spending  as 
fo''ows: 

Micals-.  $204,170,000  2.5%  of  gross  products 

'.1  -tals _  38,404,000  .9%  of  gross  products 

Sf  !•>,  Clay 

„  .d  Glass  20,752,000  1.3%  of  gross  products 

•  he  figures  quoted  have  been  com¬ 
piled  by  the  Products  and  Research 
G  .nmittee  of  National  Lumber  Manu- 
fa  .urers  Association  and  are  included 
in  a  report  which  will  be  released  at 
a  national  meeting  on  May  25,  1953. 

The  implications  in  these  figures  are 
of  prime  importance  to  all  of  us  in 
the  forest  products  industries,  whether 
wc  are  growing  trees,  logging  and 
milling,  or  manufacturing  fine  furni¬ 
ture,  radio  cabinets  or  jewel  boxes. 

Lumber’s  competitive  materials,  be¬ 
cause  of  their  newness  and  the  tre¬ 
mendous  amount  of  research  behind 
them,  have  only  one  direction  to  go — 
up.  Lumber  on  the  other  hand  is 
America’s  oldest  industry.  It  can  go  up 
or  down,  but  cannot  remain  static.  It 
has  slipped  down  farther  than  many 
realize  and  will  continue  to  slip  unless 
it  is  restored  to  its  former  top  position 
through  research  and  application  of 
research  by  the  various  elements  of  the 
wood  industry. 

1  want  to  mention  one  of  my  pet 
ideas  which  is  that  research,  in  some 
degree,  can  be  anyone’s  job.  Work¬ 
men,  foremen,  superintendents,  man¬ 
agers — anyone  who  can  devise  a  new 
or  better  way  of  working  out  the  proc¬ 
esses  of  growing  better  forests,  at¬ 
taining  better  utilization  of  the  forest 
growth,  new  uses  for  forest  products 
or  better  machines  and  materials  to 
aid  in  processing  is  contributing  to  re¬ 
search  and  should  have  the  enthusias¬ 
tic  encouragement  of  all  of  us. 


PRESIDENT’S  COLUMN 

(Continued  from  page  3) 

Bears  full  responsibility  for  function¬ 
ing  of  individual  Subject  Matter  Com¬ 
mittees  in  15  fields.  He  recommends 
establishment  of  new  committees  to 
the  Hxecutive  Board  and  organizes 
same.  Recommends  to  the  President, 
persons  to  be  appointed  as  chairmen 
of  individual  committees.  Assists  in¬ 
dividual  chairmen  in  selecting  mem¬ 
bers  lor  their  committees.  Cooperates 
with  l  echnical  Program  Chairman  and 
Annual  Meeting  Chairman  in  selec¬ 
tion  of  papers  and  in  arranging  for 
subjea  matter  committee  meetings  to 
be  held  during  the  Annual  Meeting. 

National  Membership  Committee. 
Chairman,  Fred  Armbruster,  Seattle, 
Wash  ngton.  Responsible  for  main- 
tainii;j  present  membership  and  ob- 
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taining  new  members.  The  general 
chairman  selects  his  committee,  which 
in  the  past,  has  included  a  minimum 
of  one  member  from  each  Section.  He 
directs  the  work  of  the  national  office 
as  it  relates  to  the  overall  membership 
program  and  cooperates  with  the  Ex¬ 
ecutive  Secretary  in  carrying  out  pro¬ 
grams.  He  makes  four  progress  re¬ 
ports  per  year  at  regular  quarterly  in¬ 
tervals  to  all  members  of  his  commit¬ 
tee  and  principal  officers  of  the 
Society. 

Finance  and  Budget  Committee. 
Co-Chairmen,  R.  E.  Shreck  and  Dr. 
J.  A.  Hall.  Responsible  for  the  finan¬ 
cial  affairs  of  the  Society.  They  pre¬ 
pare  the  budget  for  each  fiscal  year 
and  revise  the  budget  at  two  subse¬ 
quent  Executive  Board  meetings.  The 
committee  assists  the  Secretary  in  prep¬ 
aration  of  financial  reports;  passes  on 
questioned  bills  and  assists  in  estab¬ 
lishment  of  efficient  accounting  pro¬ 
cedures. 

Constitution  and  By-Laws  Com¬ 
mittee.  Chairman,  W.  B.  Wilkins, 
Ridgewood,  New  Jersey.  Responsible 
for  matters  pertaining  to  the  national 
office  as  well  as  the  Sections.  Periodi¬ 
cally  reviews  the  Constitution  and  By- 
Laws  and  makes  recommendations  for 
changes,  corrections  or  additions;  acts 
upon  any  recommended  changes  be¬ 
fore  submitting  to  the  Executive 
Board.  At  regular  intervals  reviews 
By-Laws  of  each  Section  to  avoid  con¬ 
flict  of  provisions  with  national  Con¬ 
stitution  and  By-Laws.  Works  with 
sections  on  revision  of  By-Laws  and 
with  new  sections  in  establishing  By- 
Laws. 

Committee  on  Unification  and 
Clarification  of  Section  Accounting. 
Chairman,  W.  J.  Eason,  Memphis, 
Tennessee.  This  new  committee  is 
currently  investigating  the  present 
methods  of  accounting  u.scd  by  the 
various  sections.  It  consults  and  assists 
the  sections  and  promotes  establish¬ 
ment  of  uniform  systems  as  well  as 
reports  on  the  status  of  section  finances. 
Cooperates  with  the  Executive  Secre¬ 
tary  in  preparation  of  an  annual  re¬ 
port  covering  the  financial  status  of 
the  sections.  Determines  whether  ac¬ 
counting  practices  conform  with  legal 
responsibilities  of  national  organiza¬ 
tion  as  related  to  sections. 

General  Chairman  of  National 
Meeting.  Dr.  J.  A.  Hall,  Madison, 
Wisconsin.  Responsible  for  all  matters 
pertaining  to  the  National  Meeting 
except  the  technical  program.  This  in¬ 
cludes  financial  arrangements,  prepa¬ 
ration  of  a  budget  for  Executive  Board 
approval.  His  committee  makes  all 
arrangements;  cooperates  with  the  Ex¬ 
ecutive  Secretary  on  planning  the  pub¬ 


licity  program;  cooperates  with  chair¬ 
men  of  technical  program  and  subject 
matter,  committees  in  assigning  times 
and  space  for  their  work.  Cooperates 
with  the  Executive  Secretary  in  ob¬ 
taining  sponsors  for  the  Paul  Bunyan 
Hour  and  FPRS  Party.  Cooperates 
with  Membership  Chairman  in  obtain¬ 
ing  new  members  and  with  the  Ex¬ 
ecutive  Secretary  in  matters  of  registra¬ 
tion.  Cooperates  with  local  Section 
sponsoring  the  National  Meeting.  Se¬ 
lects  and  approves  committee  chair¬ 
men  to  carry  out  duties;  and  prepares 
regular  progress  reports  for  the  Ex¬ 
ecutive  Board. 

National  Nominating  Committee. 
Chairman,  Roy  M.  Carter,  Raleigh, 
North  Carolina.  Nominates  eligible 
members  for  national  offices  and  suc¬ 
ceeding  nominating  committee  as  de¬ 
fined  in  Article  VIII  of  the  Constitu¬ 
tion.  The  Chairman  is  responsible  for 
obtaining  acceptance  by  all  nominees 
and  for  having  nominations  in  the 
hands  of  the  executive  office  not  later 
than  90  days  preceding  the  National 
Meeting. 

Credentials  Committee.  Chairman, 
K.  G.  Chesley,  Crossett,  Arkansas. 
Cooperates  with  the  Executive  Secre¬ 
tary  on  reviewing  all  applications  for 
membership  in  the  Society  to  deter¬ 
mine  proper  classification.  Makes  final 
decisions  on  membership  applications 
where  there  is  question  on  whether 
the  applicant  would  be  classed  as  a 
voting  member  or  an  associate  mem¬ 
ber. 

Publications  Committee.  Chair¬ 
man,  E.  G.  Locke,  Madison,  Wiscon¬ 
sin.  This  committee  is  one  of  the  most 
important  in  the  Society.  It  has  many 
duties,  too  numerous  to  list  here.  In 
general,  the  committee  is  responsible 
for  the  publications  policy  of  the  So¬ 
ciety,  including  the  FPRS  Journal, 
FPRS  News  Digest,  Preprints  of  Na¬ 
tional  Meeting  Papers,  and  the  release 
of  FPRS  papers  for  publication  by 
other  publications. 

That  gives  you  a  picture  of  Com¬ 
mittees  principally  headed  by  your 
Executive  Board  personnel. 

In  a  near  future,  I  plan  to  give  you 
a  description  of  the  duties  of  each 
of  the  14  Subject  Matter  Committees 
which  have  been  appointed  by  the 
Executive  Board.  These  are  active  in 
the  following  fields;  Glues  and  Glu¬ 
ing,  Wood  Drying,  Wood  Machining, 
Packaging,  Chemical  Utilization,  Qual¬ 
ity  Control,  Wood  Finishing,  Wood 
Composition  Board,  Logging  and 
Milling,  Wood  Preserv'ation,  Forest 
Products  Education.  Several  new  com¬ 
mittees  in  preparation  include:  Veneer 
and  Plywood,  and  Marketing. 
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CANADIAN  LAB 

(Continued  from  page  13) 

most  satisfactory  results  from  wood  in 
service. 

Future  Work 

Fundamental  research  into  the  me¬ 
chanical,  physical,  and  chemical  prop¬ 
erties  of  Ginadian  wood  species  will 
continue,  in  order  to  expand  and  com- 

Element  data  now  on  record,  and  to 
eep  under  continual  review  the  basic 
factors  that  affect  utilization  and  satis¬ 
factory  service. 

■  To  keep  abreast  of,  and  whenever 
possible  ahead  of  industrial  trends,  in¬ 
vestigations  will  be  undertaken  to  as¬ 
sess  or  develop  new  techniques  and 
new  approaches  to  conversion  and 
utilization  practices.  Field  and  labora¬ 
tory  studies  will  continue  to  be  aimed 
at  more  economic  use  of  available 
wood  substance  and  to  means  of  re¬ 
ducing  to  a  minimum  incidental  waste 
or  residue.  Research  will  be  extended 
to  Canadian  wood  species  not  now 
.considered  as  commercial  timbers,  and 
to  determine  the  suitability  for  addi¬ 
tional  uses  of  timbers  now  in  commer¬ 
cial  production. 

Intensive  research  into  logging  will 
continue  to  explore  possibilities  for 
higher  extraction  and  limitation  of 
w’aste.  The  Research  Sawmill  studies 
will  comprise  determination  of  the 
variables  affecting  production,  as  well 
as  the  development  of  machinery  and 
methods  for  reducing  manufacturing 
costs. 

Waste  utilization  will  continue  to 
be  an  important  phase  of  activities 
with  exploration  of  means  and  meth¬ 
ods  adaptable  to  the  commercial  con¬ 
version  of  all  available  wood  substance 
in  whatever  form  it  may  occur.  Special 
attention  will  be  given  to  problems 
related  to  the  handling,  transporta¬ 
tion,  and  chipping  of  slabs  and  edg¬ 
ings  for  the  manufacture  of  pulp. 

Studies  of  the  chemistry  of  Cana¬ 
dian  woods,  chemical  utilization,  wood 
laminations,  veneers  and  plywoods,  di¬ 
electric  heating,  preservation,  and 
wood  rots  will  form  the  subject  mat¬ 
ter  of  numerous  research  projects. 

In  a  developing  economy,  ever 
more  dependent  on  research  findings 
for  expansion  and  orientation,  it  is 
difficult  to  accurately  forecast  research 
requirements.  However,  the  original 
and  continuing  policy  of  the  F.P.L. 
of  C.  will  be  to  continue  research 
work  of  a  fundamental  nature  on  the 
one  hand,  and  to  adapt  investigations 
and  studies  so  that  they  can  best  meet 
the  needs  of  industrial  demands. 

Services  Available 

Research  findings  are  reported  in 
F.P.L.  of  C.  publications,  so  prepared 


as  to  contain  the  maximum  of  useful 
information.  With  few  exceptions 
these  reports  contain  graphs  and  pho¬ 
tographic  illustrations  chosen  to  com¬ 
plement  the  text  and  table  presenta¬ 
tion  of  the  subject  matter.  All  reports 
are  published  with  a  view  to  wide  cir¬ 
culation  so  that  the  information  they 
contain  will  reach  the  largest  number 
of  those  they  interest. 

The  Laboratories  also  provide,  on 
request,  specific  data  and  information 
relative  to  a  very  large  and  growing 
volume  of  industrial  inquiries  re¬ 
ceived  each  year.  In  most  cases  such 
information  can  be  prepared  from 
data  on  record,  but  in  a  number  of 
instances  replying  to  an  inquiry  neces¬ 
sitates  additional  minor  investigations. 

Based  upon  research  in  forest  prod¬ 
ucts  over  four  dc*cades,  voluminous 
records  have  been  accumulated  and 
much  of  these  data  have  been  pub¬ 
lished.  On  these  foundations  the 
F.P.L.  of  C.  endeavour  to  orient  the 
work  at  the  Ottawa  and  Vancouver 
Laboratories  so  that  continuing  re¬ 
search  will  produce  an  effective  con¬ 
tribution  to  the  development  of  Can¬ 
ada’s  forest-based  industries.  In  the 
wider  field,  and  in  realization  of  the 
importance  of  wood  products  to  the 
world  economy,  there  is  maintained 
effective  liaison  and  co-operation  with 
forest  research  organizations  in  all 
countries.  Through  these  means  every 
effort  is  made  to  perform  the  func¬ 
tions  for  which  the  F.P.L.  of  C.  were 
organized. 


DOWEL  STRENGTH 

(Continued  from  page  H) 

The  influence  of  dowel  type  may  be 
summarized  by  saying  that  both  the 
standard  dowel  and  the  spiral  dowel 
produced  joints  essentially  equal  to  the 
strength  of  the  wood  forming  these 
joints.  In  this  particular  group  of  tests 
the  compressed  dowel  did  not  per¬ 
form  as  well  as  the  other  two  types. 
There  is  no  doubt  that  this  was  due  in 
part  to  the  failure  of  the  dowels  to 
expand  fully.  If  compressed  dowels 
are  used  precautions  should  be  taken 
to  see  that  the  glue  supplies  sufficient 
moisture  so  as  to  bring  about  full  ex¬ 
pansion.  If  joints  are  to  be  constructed 
that  are  severely  stressed,  the  standard 
type  dowel  should  be  used,  since  for  a 
given  size,  it  contains  the  full  volume 
of  unaltered  wood. 


CHEMICAL  PROPERTIES 

(Continued  from  page  31) 
analytical  and  methylation  studies  pro¬ 
vide  support  for  the  belief  that  the 
butt  rot  is  mainly  lignin  isolated  by 
the  preferential  action  of  the  brown 


rot  on  the  lignocellulose  and  enriched 

in  phenolic  hydroxyl  content  by  par¬ 
tial  demethylation. 
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EFFECT  OF  HEAT 

(Continued  from  page  42) 

cases,  except  for  the  material  heated 
for  8  days  at  160°  C.  in  the  open 
system.  In  this  case,  it  appears  (hat 
lignin-like  material  was  formed  but 
was  subsequently  oxidized  to  a  ma¬ 
terial  that  responded  neither  to  the 
lignin  nor  to  the  holocellulose 
reactions. 

The  alpha-cellulose  was  completely 
destroyed  when  heated  under  the  more 
drastic  conditions  in  both  the  closed 
and  open  systems,  that  is,  all  of  the 
carbohydrate  material  was  converted 
to  a  condition  in  which  it  was  soluble 
in  the  17.5  percent  sodium  hydroxide 
used  for  characterizing  alpha-cellulose. 

Lignin. — Heating  in  the  open  sys¬ 
tem  seems  to  be  the  most  drastu  for 
lignin.  Losses  in  weight  and  the  for¬ 
mation  of  products  soluble  in  alct.hol- 
benzol,  hot  water,  and  1  percent  so¬ 
dium  hydroxide  were  greatest  in  the 
presence  of  air,  presumably  diu.  to 
oxidation  (table  9). 

The  methoxyl  values  remained  I  urly 
constant  during  the  severe  hea.ing 
conditions,  except  in  the  case  of  i  eat¬ 
ing  for  8  hours  at  160°  C.  in  the 
open  system. 

Hemicellulose. — ^The  hemicelluiose 
is  quite  sensitive  to  heat.  At  tempera¬ 
tures  above  110°  C.,  the  loss  in  wi  ((ht 
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w.’s  quite  large,  both  in  the  open  and 
th  closed  systems  (table  10).  Pro- 
di;  tion  of  products  soluble  in  alcohol- 
b<  .zol  is  moderate,  and  the  production 
of  lignin-hke  products  is  large.  Thc 
p:  jduction  of  lignin-like  material  is 
at  the  expense  of  pentosans.  Heating 
rc  luces  the  mcthoxyl  content  and  the 
a;  ount  of  carbon  dioxide  that  can 
SI'  scquently  be  evolved. 

•'Comparison  with  Findings  of 
Others:  Merritt  and  White  (6) 
hc.ited  small  oak  blocks  in  superheated 
St  .im  at  temperatures  ranging  from 
2(15°  to  280°  C.  for  10  hours.  In 
spite  of  the  differences  in  species  and 
heating  conditions,  the  general  trends 
in  analytical  data  were  similar  to  those 
obtained  in  the  present  paper;  for  ex¬ 
ample,  material  soluble  in  hot  water 
decreased  as  the  temperature  of  heat¬ 
ing  increased,  material  soluble  in  1 
percent  alkali  rose  to  a  maximum  and 
then  decreased  slowly,  apparent  lig¬ 
nin  increased,  and  pentosans  and 
alpha-cellulose  decreased  rapidly  and 
approached  zero  under  the  more  dras¬ 
tic  conditions.  Ultimate  analysis  made 
on  the  heated  oak  showed  a  progres¬ 
sive  increase  in  carbon  and  a  decrease 
in  oxygen  as  the  temperature  of  heat¬ 
ing  rose.  Hydrogen  showed  a  slow 
decrease.  The  residues,  thus,  gradually 
approach  the  composition  of  commer¬ 
cially  produced  charcoal. 

Runkel  and  Wilke  (7)  recently  in¬ 
vestigated  the  chemical  changes  oc¬ 
curring  in  wood  at  different  moisture 
contents  when  heated  in  a  closed  sys¬ 
tem  at  temperatures  up  to  200°  C. 
They  concluded  that  hydrolysis  of  the 
carbohydrates  occurs  first,  followed 
by  a  condensation  of  the  products  to 
insoluble  materials.  Their  conclusion 
is  in  harmony  with  the  findings  of 
this  research.  The  fact  that  heating 
wood  in  a  closed  system  results  in  far 
greater  decomposition  than  heating  in 
an  open  system  is  undoubtedly  due  to 
hydrolysis  promoted  by  the  moisture 
retained  in  the  system.  This  is  further 
indicated  by  the  finding  that  the  ini¬ 
tial  decomposition  is  that  of  hemicel- 
luloses,  followed  by  that  of  cellulose. 
The  increase  in  apparent  lignin  con¬ 
tent  beyond  that  due  to  loss  of  other 
components  indicates  that  insoluble 
condensation  or  polymerization  prod¬ 
ucts  must  be  formed  from  the  hydroly¬ 
sis  products. 

The  improved  dimensional  stabili- 
zat.on  obtained  on  heating  is  undoubt¬ 
ed!’,-  due  to  the  decomposition  of  hy¬ 
groscopic  hemicelluloses  and  other  car- 
bohydrates  and  their  condensation  or 
pC'lvmerization  to  insoluble  products. 
O.-  j  of  the  known  reactions  of  this 
type  is  the  formation  of  furfural  from 
pentosans  and  its  condensation  to  resi- 
no  IS  products  that  will  appear  as  lig- 
nir  in  the  analysis. 
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PINE  WASTE 

(Continued  from  page  44) 

without  fear  of  contradiction,  that  it 
will  take  the  combined  cooperation  and 
effort  of  the  pulp  and  paper  mills  and 
sawmills,  over  a  period  of  at  least  ten 
years,  to  make  55  percent  of  the  total 
heavy  pine  sawmill  waste  available  in 
the  form  of  chips  to  the  pulp  and 
paper  mills,  which  is  about  the  ulti¬ 
mate  volume  at  all  likely  of  attain¬ 
ment.  This  will  result  in  a  volume  of 
2,350,000  cords  annually  and,  when 
subtracted  from  the  I960  requirements 
of  the  southern  pulp  and  paper  mills, 
will  leave  a  volume  of  14,150,000 
cords,  which  will  have  to  be  obtained 
as  round  wood  from  the  pine  forests 
of  the  South.  This  is  1,350,000  cords 
more  than  the  1952  annual  produc¬ 
tion  of  round  pine  pulpwood.  This 
certainly  answers  the  forester’s  ques¬ 
tion,  posed  earlier  in  this  article,  and 
should  remove  all  doubt  from  the 
minds  of  the  timber  land  owners  who 
are  concerned  about  markets  for  thin¬ 
nings  from  the  management  of  their 
young  pine  stands. 

Now,  the  truly  relevant  question  is 
rather  "How  can  more  of  the  heavy 
sawmill  waste  be  made  available  to 
the  southern  pulp  and  paper  mills?" 
There  are  two  possible  answers  to  this 
question.  Of  course,  the  first  and  sim- 


f)lcst  would  be  the  production  of  a 
ower  cost  barking  unit,  because  the 
cost  of  chipping  and  screening  units 
is  probably  already  close  to  an  irre¬ 
ducible  minimum.  For  instance,  if  a 
barker  were  made  available  at  a  cost 
of  not  over  $10,000,  which  would 
bark  from  20  to  30  thousand  feet  of  * 
pine  logs  per  day,  this  would  allow 
installations  at  mills  with  an  average 
annual  lumber  production  of  between 
3  and  10  million  board  feet.  This 
would  give  a  total  possible  chip  re¬ 
covery  from  the  heavy  sawmill  waste 
on  about  an  additional  2.5  billion 
board  feet,  or  1,125,00  cords  annu¬ 
ally.  If  such  a  unit  were  available, 
these  mills  could  participate  in  such 
a  venture  with  the  same  expectation  of 
profit  enjoyed  by  the  larger  mills  with 
the  presently  available  more  expensive 
units. 

The  second  answer  would  be  de¬ 
velopment  of  the  technique  necessary 
to  reach  as  nearly  as  possible  all  of 
the  little  mills  producing  less  than  3 
million  board  feet  of  pine  lumber  an¬ 
nually,  but  at  the  same  time  producing 
about  60  percent  of  the  total  annual* 
production  of  southern  pine  lumber. 
It  seems  almost  silly  to  try  to  visualize 
mills  of  this  size  operating  a  log  bark¬ 
ing,  chipping,  and  screening  opera¬ 
tion  to  process  their  heavy  waste.  Such 
a  technique  could  possibly  be  the  de¬ 
velopment  of  concentration  plants 
comprised  of  log  barking,  chipping, 
screening,  and  conveyor  facilities  at 
central  points  within  areas  where  there 
are  large  concentrations  of  these  small 
sawmills.  The  logs  would  be  brought 
to  the  barker  on  a  log  truck,  reloaded 
on  the  same  truck  following  barking, 
and  taken  to  the  sawmill.  Following 
sawing,  the  heavy  sawmill  waste  would 
be  collected  in  trucks,  similar  to  the 
trucks  used  to  transport  sugar  cane, 
and  returned  to  the  concentration  plant 
for  chipping,  screening,  and  loading 
into  cars  for  shipment  to  the  pulp 
and  paper  mill.  There  is  the  possibil¬ 
ity,  of  course,  that  the  pulp  and  paper 
mills  could  establish  and  operate  such 
concentration  plants. 

The  sawmill  industry  has  a  further 
interest  in  the  processing  of  its  heavy 
waste  into  pulp  chips  in  addition  to 
the  profit  to  be  derived,  and  this  other 
interest  may  actually  mean  its  very 
existence  in  its  present  magnitude.  Evi¬ 
dence  in  support  of  this  statement  rests 
with  full  realization  of  the  impact  on 
southern  forests  and  forestry  which 
this  marked  demand  for  increased 
pulpwood  production  represents.  It  is 
common  knowledge  that  southern  yel¬ 
low  pine  sawtimber  is  being  currently 
overcut  throughout  almost  the  entire 
Southern  Pine  Region.  The  Southern 
and  Southeastern  Forest  Experiment 
Stations,  in  their  resurveys  in  five 
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states,  found  only  two  survey  units  ^ 
14  pine  units  completed,  where  pin6 
sawtimber  has  increased  since  the  time 
of  the  original  surveys  during  the 
1930’s.  If  this  is  true  now,  what  will 
it  be  like  by  I960  when  the  pine  for¬ 
ests  are  called  upon  annually  for  16.5 
’million  cords  of  pulpwood,  9.5  bil¬ 
lion  board  feet  of  sawtimber,  and  sev¬ 
eral  million  cubic  feet  of  poles,  piling, 
fence  posts,  and  minor  products? 

The  final  consideration  becomes  that 
of  arriving  at  a  balanced  production, 
which  includes  all  of  the  volumes  of 
products  stated  above,  without  losing 
any  one  of  these  or  possible  portions 
of  all  of  them.  In  order  to  accomplish 
this,  it  is  going  to  be  necessary  to; 

1.  Establish  pine  growing  stock  on 
all  of  the  acres  now  idle  but  suited  to 
the  growing  of  pine  timber. 

2.  Increase  the  growing  stock  on  all 
acres  now  understocked  to  a  fully 
stocked  condition. 

3.  Expend  every  last  effort  in  mak¬ 
ing  available  every  possible  cord  of 
heavy  waste  from  the  pine  sawmills  to 
the  pulp  mills  in  the  form  of  chips. 


COMBUSTIBILITY 

(Continued  from  puge  4fi) 

struction  beyond  the  present  use  and 
allow  it  to  enter  competitively  against 
some  of  the  other  present  forms  of 
fire  resistant  construction,  a  great  deal 
of  research  and  test  work  must  be  per¬ 
formed.  The  availability  of  such  data 
and  inspection  methods  is  essential. 
The  authorities  having  jurisdiction  re- 
t^uire  these  data  to  ensure  that  the 
hre  protection  aspects  of  building 
codes  and  insurance  rating  practices 
are  preserved. 
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Discussion 

When  answering  a  member  as  to 
the  degree  to  which  fire  doors  are 
used.  Mr.  Abbey  stated  that  treated 
cores  for  fire  doors  are  commonly 
used  and  specifications  are  laid  down 
for  them.  In  answer  to  another  mem¬ 
ber  Mr.  Abbey  stated  that  if  industry 
desires  ratings  on  small  material  such 
as  purlins  it  is  industry’s  responsibil¬ 
ity  to  go  after  the  initiation  of  the 
appropriate  tests.  When  asked  why 
the  New  York  Building  Code  specify 
the  use  of  fire-retardants  when  there 
is  no  method  of  comparing  treated  and 
untreated  material.  Mr.  Abbey  pointed 
out  that  ratings  are  only  to  provide  for 
limitations.  When  asked  what  method 
the  Forest  Products  Industry  could 
adopt  to  finance  research  in  fire- 
retardants.  Mr.  Abbey  stated  the  usual 
method  is  to  pass  it  off  to  the  con- 
.«umer  in  cost. 


SHRINKAGE 

(Continued  from  page  55) 

using  separate  specimens  for  the  de¬ 
termination  of  shrinkage  in  each  di¬ 
rection. 

In  addition  it  is  suggested  that  the 
direct  measurement  of  volumetric 
shrinkage  is  unnecessary  if  the  three 
linear  shrinkages  are  known,  as  it  can 
be  easily  calculated  from  these. 
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BLOOMING 

(Continued  from  page  66) 

tinuation  of  the  same  trend  was  ind 
cated. 

2.  The  greatest  average  bloom  dv 
veloped  during  short-term  and  lonr 
term  periods  from  diluents  of  .i 
medium  distillation  range;  the  lea  t 
amount  developed  from  those  of  ,i 
high-boiling  range.  Diluents  blended 
from  oils  of  the  low-boiling  range 
produced  less  bloom  than  the  medium- 
boiling  diluents,  but  more  than  tlie 
high-boiling  diluents.  These  averages, 
however,  mask  significant  trends 
which  are  shown  when  diluents  of  10 
percent  aromatic  content  are  excluded 
from  the  calculations.  Diluents  con¬ 
taining  40  and  70  percent  aromatics 
showed  decreased  blooming  as  their 
boiling  ranges  increased. 

3.  Bloom  deposits  calculated  for 
the  short-term  period  were  greatest  on 
end  surfaces,  somewhat  less  on  tan¬ 
gential  surfaces,  and  least  on  radial 
surfaces. 

4.  Poplar  bloomed  more  than  pon- 
derosa  pine.  The  differences  in  size  of 
vessels  and  trancheids  are  believed  to 
account  for  this  result. 

5.  There  was  no  difference  in  tlie 
amount  of  bloom  which  developed  on 
springwood  and  that  which  developed 
on  summerwood  on  ponderosa  pine 

6.  Diluents  of  at  least  20  percent 
aromatic  content  retained  pentachoro- 
phenol  in  solution  at  diluent  temper; 
tures  above  22 °F. 

7.  Oils  of  70  percent  aromatic  con¬ 
tent  dissolved  pentachlorophenol  widi 
ease;  special  techniques  were  require  I 
to  dissolve  this  chemical  in  diluents  o' 
10  percent  aromatic  content. 

8.  About  40  percent  of  the  tot.,! 
bloom  which  developed  during  a  3" 
day  period  occurred  the  first  7  day- 
This  percentage  varied  for  the  tw 
species  and  for  the  different  solvent^ 
ranging  from  12.6  to  93.5  percent. 
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Abstracts 

The  preparation  of  abstracts  from  world  literature  in  many  languages  is  so  highly 
specialized  and  costly  that  the  Forest  Products  Research  Society  has  no  abstracting  service 
of  its  own.  For  the  abstracts  in  this  issue  of  the  JOURNAL  the  Society  is  indebted  to 
the  respective  abstract  journals  indicated,  from  which  they  have  been  selected  with  the 
kind  permission  of  the  editors.  Readers  wishing  information  in  addition  to  that  given 
in  these  abstracts  should  consult  the  original  articles  referred  to.  Copies  or  additional , 
information  can  not  be  supplied  by  FPRS  or  the  abstract  journal.  The  journals  from 
which  abstracts  are  published  in  this  issue  are  as  follows: 

BULLETIN  OF  THE  INSTITUTE  OF  PAPER  CHEMISTRY,  published  monthly 
at  Appleton,  Wisconsin  by  the  Institute  of  Paper  Chemistry,  subscription  price  $23  per 
year.  This  Bulletin  publishes  over  3,600  abstracts  per  year  on  subjects  of  interest  to  manu¬ 
facturers  of  pulp,  paper,  fiber  board  and  allied  products. 

CHEMICAL  ABSTRACTS,  published  semimonthly  by  the  American  Chemical  Society, 
Executive  Office — 1133  Sixteenth  Street,  NW,  Washington  6,  D.  C.,  subscription  price 
$60  per  year  plus  postage.  This  abstract  journal  publishes  many  thousands  of  abstracts 
annually  with  broad  coverage  of  world  literature  in  the  entire  field  of  chemistry  and 
allied  subjects. 

FOREST  PRODUCTS  AND  UTILIZATION  ABSTRACTS  are  published  quarterly 
by  the  Commonwealth  Agricultural  Bureaux  of  London,  England,  as  a  separate  reprint 
of  decimal  sections  3,  7,  and  8  of  Forestry  Abstracts,  for  the  facility  of  those  interested 
chiefly  in  the  field  of  wood  utilization.  The  abstracts  are  prepared  by  the  Commonwealth 
Forestry  Bureau,  Oxford,  England,  and  the  utilization  section  contains  about  1,200  titles 
and  abstracts  per  year  from  literature  in  some  30  languages  and  covers  all  aspects  of  forest 
utilization  from  cutting  and  extraction  through  marketing,  mechanical,  and  chemical  proc¬ 
essing  to  minor  forest  products.  FPRS  members  interested  in  obtaining  the  complete  issues 
of  Forest  Products  and  Utilization  Abstracts  should  communicate  with  the  Secretary  of 
the  Society. 

TECHNICAL  BULLETIN  OF  THE  FURNITURE  DEVELOPMENT  COUNCIL  is 
published  bimonthly  by  the  Council  at  11  Adelphi  Terrace,  London  W.  C.  2,  England. 
The  Technical  Bulletin  publishes  hundreds  of  abstracts  and  reviews  from  world  literature 
annually,  relating  to  the  various  phases  of  the  furniture  manufacturing  industry.  Subscrip-* 
tion  price  is  $3  per  year. 


9.  The  type  of  bloom  deposited 
r..  iged  from  relatively  large  scattered 
cr  stals  to  very  small  crystals  which 
aj  peared  as  a  chalky  coating  to  the 
niked  eye.  In  general,  the  low  aro- 
n  (tic  solvents  produced  the  latter 
t\pe,  whereas  the  former  were  deposi- 
ti  1  by  the  more  highly  aromatic  sol- 

\ ..  iltS. 

Conclusions 

Solvents  for  preparing  pentachloro- 
piicnol  solutions  to  be  used  at  tem¬ 
pi  ratures  above  22° F.  should  have  an 
aiomatic  content  of  at  least  40  per¬ 
cent. 

Pentachlorophenol  solutions  p  r  e  - 
pared  from  solvents  distilling  above 
300°F.  at  the  50  percent  point  will 
have  less  tendency  to  bloom  than 
those  produced  from  solvents  distilled 
at  temperatures  below  this  point,  as¬ 
suming  that  the  aromaticity  of  the  di¬ 
luent  is  above  40  percent. 

The  greater  the  solvency  the  diluent 
has  for  pentachlorophenol,  the  less 
will  be  the  tendency  for  it  to  cause 
blooming. 

The  tendency  of  a  solvent  to  cause 
blooming  will  also  indicate  its  ten¬ 
dency  to  remove  resins  and  similar 
oil-soluble  extractives  from  the  wood 
and  deposit  them  on  the  surface.  The 
resins  from  ponderosa  pine  are  more 
difficult  to  remove  than  bloom;  their 
removal  probably  would  represent, 
therefore,  a  greater  problem  to  the 
painter. 
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Logging  and  Lumbering 

Mulcahy,  P.  J.  Mechanical  equip-  • 
ment  for  fiberizing  wood.  J.  Forest 
Products  Research  Soc.  2,  no.  3:72-8 
(September,  1952). 

The  author  gives  a  dc'tailed  account 
of  different  types  of  wood-fiberizing 
equipment,  including  batch  (betters, 
ball  and  rod  mills,  and  pan  mills) 
and  continuous  equipment  (disk  or 
attrition  mills,  cone  or  plug  refiners, 
hammer  mills  and  special  machines). 
Important  factors  in  the  use  of  me¬ 
chanical  fiberizing  equipment  are  dis¬ 
cussed.  10  figures  and  21  references. 
R.G.K.  [Bui.  Inst.  Paper  Chem.  Vol. 
23,  No.  4] 

Amos,  G.  L,  Sub-projects  W.S. 
1-2 :  Wood  anatomy  of  the  Myr- 
taceae — pale-coloured  Eucalypts, 
Progress  report  No.  9:  W.S.  1-3: 
Wood  anatomy  of  the  Myrtaceae — 
non-Eucalypts,  Progress  report  No. 
4:  The  use  of  ash  characteristics  as 
a  means  of  identifying  some  timbers 
of  the  Myrtaceae.  Division  of  Forest 
Products,  Commonwealth  Scientific 
and  Industrial  Research  Organization, 
Melbourne,  1951.  pp.  11.3  refs.  P.R. 

Certain  timbers  previously  included 
in  the  genus  Myrtus  yield  a  deep- 
bistre-brown  ash  with  a  high  Mn 
content.  These  fall  into  the  new  genus 
Austromyrtus  proposed  by  Burret 
(1941).  Other  timbers  of  the  Myr¬ 
taceae  yield  ashes  which  are  recogniz¬ 
able  as  distinct  types — faint  pink  with 


low  Mn  content,  white  with  no  Mn, 
brown  with  high  Fe  content,  red  with 
high  Mn  content,  off-white  with  low 
Mn  content,  and  ashes  negligible  in 
bulk  (less  than  0.05%  of  the  dry 
weight).  In  many  species  the  ash 
types  appear  to  be  constant,  and  may 
be  used  to  distinguish  between  species 
or  groups  of  species  which  are  not 
readily  separable  on  anatomical  fea¬ 
tures  alone.  Author’s  summary.  [For. 
Prod.  Util.  Abs.,  V.  13,  No.  5} 

Leskin,  D.  F.,  and  Matveev,  G.  K. 
Vyvozka  derevjev  s  kronoi  na  av- 
tomobiljah.  {Lorry  transport  of  trees 
with  crowns.}  Lesn.  Prom.  11  (6), 
1951  (8-9).  [Russ.] 

Full-scale  tests  were  made  in  1950- 
51  on  the  use  of  lorries  for  the  trans¬ 
port  of  tree-length  logs  with  crowns, 
direct  from  the  felling  site  to  an  in¬ 
dustrial  timber  depot.  The  method 
has  been  found  economically  sound; 
for  greater  efficiency,  methods  of 
utilizing  the  waste  in  the  depot  must 
be  improved.  [Forestry  Abstracts,  V. 
14,  No.  3} 

{Protection  of  the  forest  against 
the  Spruce  budworm.}  Rep.  marit. 
Sect.  Cauacl.  Inst.  For.  19^2,  1953 
(18-47). 

The  report  of  the  1952  meeting  of 
the  maritime  section  of  the  Canadian 
Institute  of  Forestry,  on  the  subject  of 
budworm  control,  includes  the  follow¬ 
ing  papers:  Results  of  4  years’  large- 
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scale  spraying  for  the  Spruce  budworm 
on  the  Pacific  Coast  (J.  M.  White- 
side);  Progress  toward  budworm  con¬ 
trol  (M.  L.  Prebble);  Airplane  spray¬ 
ing  for  forest  insect  control  (R.  C. 
Brown);  What  is  Newfoundland  do¬ 
ing  to  save  its  Balsam  forest  from  the 
budworm?  (A.  M.  Martin);  Effect  of 
chemical  spraying  on  the  natural  con¬ 
trol  factors  of  the  Spruce  budworm 
(A.  B.  Baird);  The  immediate  results 
of  the  Upsalquitch  spraying  (R.  E. 
Batch).  [Forestry  Abstracts,  V.  14, 
No.  3] 

Young-growth  management  in  the 
Douglas-Fir  region  £:  thinnings}. 
Rep.  Pacif.  Nthwest.  For.  Range  Exp. 
Sta.  1951,  1952  (31-2). 

Several  methods  were  tested  on  a 
commercial  basis  on  stands  varying 
from  26  to  110  years  and  from  II  to 
IV  site  quality  in  different  parts  of  the 
region.  At  Voight  Creek,  light  thin¬ 
ning  for  8-ft.  sawlogs  in  a  45-year, 
site-III  stand  cost  $30/1000  bd.  ft., 
leaving  $4-$8/1000  bd.  ft.  for 
stumpage.  Logging  was  done  by  a  5- 
to  10-man  crew,  logs  being  skidded 
by  horses  to  a  maximum  of  600  ft. 
Costs  of  horse  skidding  varied  from 
$8/1000  bd.  ft.  for  100-ft.  to  $20  for 
800-ft.  distances.  Only  logs  8  in.  or 
over  in  diameter  repaid  production 
costs.  For  well  stocked  stands  of 
Douglas  Fir  on  sites  II  and  III  in  the 
Puget  Sound  area  it  was  again  shown 
that  receipts  from  light  thinnings  will 
finance  an  adequate  road  system  if  the 
stand  has  reached  at  least  45  years. 
Growth  measurements  on  plots 
thinned  3  years  ago  at  Voight  Creek 
show  that  as  much  as  41%  of  the  cu.- 
ft.  volume  of  well  stocked  Douglas 
Fir  stands  can  be  removed  without 
appreciably  reducing  growth.  [For¬ 
estry  Abstracts,  V.  14,  No.  3] 

Glues 

Fysh,  D.  The  effectiveness  of  pre¬ 
servatives  for  gelatine  and  glue.  The 
British  Glue  and  Gelatine  Research 
Association  Bulletin,  Vol.  4  No.  2, 
May  1953,  pp.  6-8. 

Gelatine  and  glue  are  used  under 
a  wide  range  of  conditions  and  there 
is  probably  no  preservative  that  is 
effective  against  all  the  types  of  infec¬ 
tion  that  may  be  encountered.  As  a 
practical  guide  to  the  preservatives 
now  available,  seven  have  been  sub¬ 
jected  to  tests  which  are  described  in 
this  article. 

Each  of  the  preservatives  was  added, 
in  a  number  of  concentrations,  to  5% 
and  35%  solutions  of  a  high  grade 
gelatine,  under  acid,  neutral  and  alka¬ 
line  conditions.  These  solutions  were 
incubated  at  37°  C.  and  removed  peri¬ 
odically  for  inspection.  Those  which 


did  not  gel  after  standing  for  several 
hours  at  room  temperature  were  con¬ 
sidered  to  have  failed.  The  results  of 
the  tests  are  given  in  the  form  of  six 
graphs  in  which  the  survival  time  in 
days  is  related  to  the  percentage  of 
preservative  in  the  solution  at  pH 
values  of  4,  7  and  9,  and  for  the  two 
concentrations  of  gelatine.  The  pre¬ 
servatives  may  be  evaluated  either  on 
the  basis  of  the  lowest  concentration 
at  which  the  jelly  survived  longer 
than  the  unpreserved  control  solution, 
or  of  the  lowest  concentration  needed 
for  ’indefinite’  survival;  i.e.,  the  dura¬ 
tion  of  the  tests,  73  days.  The  conclu¬ 
sions  are  much  the  same  in  either 

Normally,  flame-proof  fittings  must 
be  fitted  to  the  lights  in  a  paint¬ 
spraying  shop.  This  is  expensive,  par¬ 
ticularly  if  fluorescent  lighting  is  used. 
Barking  Garage  and  Engineering  Co. 
Ltd.  have  solved  the  problem  by 
mounting  standard  fluorescent  light 
fittings  above  wired  glass  panels  sealed 
into  a  false  ceiling  of  asbestos  sheet¬ 
ing. 

The  shop  is  25  ft.  long  by  15  ft. 
wide  and  the  false  ceiling  was  con¬ 
structed  at  a  height  of  14  ft.  Nine 
fluorescent  reflector  fittings  each  car¬ 
rying  two  5  ft.  lamps  were  mounted 
longitudinally  in  3  rows  of  3,  giving 
the  maximum  distribution  of  light  and 
illumination  of  about  25  lumens  per 
sq.  ft. 


Wood  Properties 

Wardrop,  A.  B.,  and  Dadswell, 
H.  E.  The  nature  of  reaction  wood. 
III.  Cell  division  and  cell  wall  for¬ 
mation  in  conifer  stems.  Aust.  J.  sci. 
Res.  5B  (4),  1952  (385-98  +  4  pho¬ 
tos).  37  refs.  P.R. 

Cell  division,  the  nature  of  extra- 
cambial  readjustment,  and  the  devel¬ 
opment  of  the  secondary  wall  in  the 
tracheids  of  conifer  stems  have  been 
investigated  in  both  compression  wood 
and  normal  wood.  It  has  been  shown 
that  the  reduction  in  tracheid  length, 
accompanying  the  development  of 
compression  wood  and,  in  normal 
wood,  increased  radial  growth  after 
suppression,  result  from  an  increase  in 
the  number  of  anticlinal  divisions  in 
the  cambium.  From  observations  of 
bifurcated  and  otherwise  distorted  cell 
tips  in  mature  tracheids,  of  small  but 
distinct  terminal  canals  connecting  the 
lumen  to  the  primary  wall  in  the  tips 
of  mature  tracheids,  and  of  the 
presence  of  only  primary  wall  at  the 
tips  of  partly  differentiated  tracheids, 
and  from  the  failure  to  observe  rem¬ 
nants  of  the  parent  primary  walls  at 
the  ends  of  differentiating  tracheids  it 
has  been  concluded  that  extra-camoial 
readjustment  of  developing  cells  pro¬ 
ceeds  by  tip  or  intrusive  growth.  It  has 
been  further  concluded  that  the  devel¬ 


opment  of  the  secondary  wall  is 
progressive  towards  the  cell  tips,  on 
the  bases  of  direct  observation  of  sec¬ 
ondary  wall  formation  in  developing 
tracheids  and  of  the  increase  found  in 
the  number  of  turns  of  the  micellar 
helix  per  cell  with  increasing  cell 
length.  The  significance  of  this  in  re¬ 
lation  to  the  sub-microscopic  organiza¬ 
tion  of  the  cell  wall  has  been  dis 
cussed.  Results  of  X-ray  examination  , 
and  of  measurements  of  tracheid 
length  in  successive  narrow  tangential 
zones  from  the  cambium  into  the 
xylem  have  indicated  that  secondary 
wall  formation  begins  before  the  di 
mensional  changes  of  differentiation 
are  complete.  [Cf.  For.  Abstr.  12  (No 
3066).}  /iuthors’  summary.  [Forestr' 
Abstracts,  V.  14,  No.  3} 

Watanabe,  H.,  Aso,  K.,  and  Tut- 
sumoto,  T.  ^Studies  on  the  process 
of  compression  shrink^e  of  wood.} 
Trans.  59th  Mtg.  Jap.  For.  Soc.  195' 
(211-2).  3  refs.  [Jap.e.] 

Six  different  woods  [not  specified] 
were  subjected  to  ca.  10  swelling 
shrinkage  cycles,  i.e.  a  block  of  oven- 
dried  wood  was  clamped  so  as  to  pre¬ 
vent  radial  (or  tangenti^)  dimen¬ 
sional  change,  soaked  to  saturation  i.n 
water,  then  undamped  and  dried.  It 
was  found  that  (1)  when  radi.il 
swelling  was  inhibited,  the  amount  of 
radial  shrinkage  generally  increas(  d 
with  the  density  of  the  wood;  (2)  no 
parallel  relationship  existed  for  tan¬ 
gential  swelling;  (3)  the  shrinkage  of 
clamped  wood  is  usually  less  than  that 
of  nonclamped  wood;  (4)  the  radial 
shrinkage  of  the  radially  clamped 
wood  is  less  than  the  tangential 
shrinkage  of  the  tangentially  clamped 
wood;  and  (5)  after  several  cycles, 
the  successive  amount  of  shrinkage  de¬ 
creases  gradually,  the  decrease  being 
greater  in  dense  woods  of  homo¬ 
geneous  structure.  [Forestry  Abstracts, 

V.  14,  No.  3] 

Modifications  of  a  method  of 
improving  the  steam  bending 
properties  of  certain  timbers 

W.  C.  Stevens  and  N.  Turner  (Forest 
Products  Research  Laboratory) 
Wood,  Vol.  17  No.  8,  August  1952, 
pp.  296-9,  5  illus. 

Modifications  are  suggested  for  tl.e 
method  developed  by  F.P.R.L  for  bend¬ 
ing  timbers  with  poor  bending 
properties.  In  the  original  method 
a  thin  layer  of  a  timber  having  good 
bending  properties  is  glued  to  the  sur¬ 
face  which  will  be  subjected  to  com¬ 
pressive  strain.  Two  disadvantages  a.'2 
that  a  supply  of  good  bending  woo  l 
is  necessary  and  the  appearance  of  tv.'O 
species  together  may  be  undesirabl'’. 
It  has  now  been  found  that  the  lamina 
used  for  the  supporting  layer  need  net 
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fif'cessarily  be  a  good  bending  wood 
provided  its  grain  is  arranged  at  right 
angles  to  the  grain  of  the  thicker 
p  ece.  The  effectiveness  of  this  arrange- 
r.icnt  has  been  tested  on  a  number  of 
t  opical  hardwoods  including  danta, 
bcrlinia,  agba,  abura  and  African 
:  ahogany.  The  thickness  of  the  sup- 
prting  layer  necessary  to  produce  a 
1  .nd  free  from  all  buckling  on  the 
f.;ce  or  wrinkling  on  the  edges  de¬ 
pends  largely  on  the  bending  proper¬ 
ties  of  the  main  piece;  the  poorer  these 
properties,  the  thicker  the  supporting 
layer  required. 

In  the  tests  it  was  found  adequate 
to  dry  only  the  surface  layers  of  the 
timber  to  a  moisture  content  of  20% 
or  less  before  gluing,  and  apart  from 
saving  drying  time  this  made  it  un¬ 
necessary  to  immerse  the  glued  assem¬ 
bly  in  water  before  bending.  Gluing 
and  pressing  were  carried  out  as  for 
the  original  method  and  softening  was 
effected  by  steaming  in  the  usual  way. 
A  commercial  type  bending  machine 
was  used  for  the  actual  bending. 
Bends  of  the  shape  often  incorporated 
in  arm  chairs  were  made  satisfactorily. 
[Tech.  Bui.  F.D.C.,  V.  2,  No.  12] 

Fibreboard 

King,  F.  W.,  and  Bender,  F.  Pro¬ 
duction  of  hard-pressed  fibreboard 
from  Western  Red  Cedar  mill  waste. 
Pulp  Paper  Mag.  Can.  53  (6),  1952 
(137-41). 

Hard-pressed  fibreboards  were  made 
from  the  different  components  (wood, 
bark,  shingle-hay  and  sawdust)  of 
Western  Cedar  shingle-mill  waste, 
separately  and  combined  (after  sepa¬ 
rate  pulping)  in  different  proportions. 
Boards  were  also  made  from  these 
pulps  with  a  binder  consisting  of  a 
pulp  from  the  shingle-hay  fraction 
chemically  treated  and  further  refined 
in  a  beater,  of  hydrated  waste  news¬ 
print  or  of  carboxymethylcellulose. 
Boards  from  the  wood  component 
meet  the  high  strength  requirements 
of  the  Federal  specification  for  'Class 
A’  hardboard.  Boards  meeting  the 
British  standard  for  'hardboard  type’ 
fibreboards  can  be  made  from  (1)  the 
bark  component  alone,  (2)  the  wood 
and  bark  fractions  or  (3)  the  wood, 
bark  and  shingle-hay  fractions.  Boards 
from  the  shingle-hay  and  sawdust 
fraction  alone  do  not  meet  the  Federal 
specification  or  the  British  standard 
bir  could  replace  hardboards  in  pan- 
ell  ng  or  furniture  manufacture,  where 
hi, eh  strength  is  not  usually  needed. 
Ti'.  addition  of  a  binder  increased 
str  ngth  properties.  [Cf.  For.  Ahstr. 
17  (No.  3190).]  [For.  Prod.  Util. 
A'  V.  14,  No.  1] 
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Woodworking  Machinery 

Montanwerke,  Walter,  Germany. 
The  grinding  of  carbide  tipped  cir¬ 
cular  saws.  Elgar  Machine  Tool  Co. 
Ltd. 

To  obtain  good  results,  carbide 
tipped  saws  must  be  sharpened  with 
Bakelite-bound  diamond  wheels.  The 
grinding  machine  must  be  absolutely 
rigid  and  there  must  be  no  play  on 
the  spindle.  The  grinding  machine 
should  be  about  4  in.  dia.  and  the 
cutting  speed  3000-5000  ft.  per  min. 
Tools  must  be  reground  before  they 
are  badly  worn  otherwise  an  excess 
amount  of  carbide  has  to  be  removed 
and  the  life  of  the  diamond  wheel  is 
reduced.  The  grinding  wheel  should 
touch  the  metal  so  lightly  that  only  a 
faint  noise  can  be  heard.  A  coolant 
may  be  used  to  reduce  the  possibility 
of  cracking,  but  without  a  coolant  the 
grinding  action  is  easier  to  observe 
and  control.  A  sight-feed  lubricator 
or  oil-moistened  felt  cloth  is  recom¬ 
mended  for  moistening  the  grinding 
wheel.  Grinding  must  always  be  done 
against  the  cutting  edge,  and  the  dia¬ 
mond  wheel  must  not  come  into  con¬ 
tact  with  the  steel  part  of  the  saw. 
The  grinding  wheel  should  frequently 
be  cleaned  in  paraffin. 

After  these  general  recommenda¬ 
tions  more  detailed  information  is 
given  on  the  method  of  grinding,  par¬ 
ticularly  when  the  saw  is  badly  worn. 
[Tech.  Bui.  F.D.C.  V.  3,  No.  16.] 

Simmonds,  A.  Teeth  for  wide 
bandsaws;  their  essential  factors  and 
correct  application.  Paper  to  the  In¬ 
stitute  of  Machine  Woodworking  Tech¬ 
nology,  March  1953,  8  pp.,  8  figs. 
[Tech.  Bui.  F.D.C.  V.  3,  No.  16.] 

The  factors  that  should  be  consid¬ 
ered  in  the  development  of  a  tooth 
shape  are  discussed.  The  pitch  de¬ 
serves  considerable  thought;  a  smoother 
cut  can  be  obtained  by  increasing  the 
number  of  teeth,  but  this  also  means 
that  more  power  is  used  and  the  feed 
speed  must  be  increased.  The  pitch 
sizes  recommended  are  1%  in.,  2  in., 
2%  in.  and  3  in. 

Whatever  the  pitch,  the  gullet  must 
be  large  enough  to  hold  the  timber  re¬ 
moved  by  the  adjacent  tooth;  this 
amount  is  dependent  on  the  feed 
speed,  the  type  of  timber,  the  speed 
of  sawing  and  the  depth  of  the  cut. 
The  hook,  sharpness  and  clearance 
angles  should  be  in  correct  relation  to 
each  other. 

The  angle  of  hook  required  is  de¬ 
termined  by  the  type  of  timber  being 
cut,  the  feed  speed  and  the  set  on  the 
teeth.  The  hook  has  two  basic  func¬ 
tions;  to  reduce  the  stresses  arising 
when  the  tooth  strikes  the  timber  and 


to  prevent  the  tooth  slipping  out  of 
the  timber.  The  ^smaller  the  hook,  the 
lower  is  the  cutting  capacity  of  the 
saw.  The  sharpness  angle  is  deter¬ 
mined  by  the  size  of  the  clearance 
and  hook  angles.  The  clearance  angle 
should  be  kept  as  small  as  possible  to 
strengthen  the  tooth.  A  review  of  vari¬ 
ous  tooth  shapes  is  given. 

A  table  has  been  compiled  from 
which  the  necessary  pitch  can  be  found 
if  the  weight  of  the  timber,  the  depth 
of  cut  required  and  the  feed  speed  are 
known.  [Tech.  Bui.  F.D.C.  V.  3,  No. 
16.] 


Woodworking 

Haycock,  A.  H.  Moulding  in  mul¬ 
tiple;  parts  1—2.  Wood,  Vol.  18  Nos. 
4-5,  April-May  1953,  pp.  154-7, 
192-5,  17  illus. 

One  method  of  increasing  produc¬ 
tion  from  a  four-cutter  is  to  increase 
the  feed  speed,  but  this  leads  to  a  re¬ 
duction  in  the  quality  of  the  work.  A 
better  way  is  to  produce  more  than 
one  moulding  at  a  time.  This  can  be 
done  either  by  using  the  side  cutters 
to  form  the  moulded  surface,  with  a 
parting  cutter  on  the  top  head,  or  by 
forming  the  mouldings  centrally  using 
the  top  cutter  and  leaving  the  side 
cutters  free  to  give  a  slight  taper  to 
the  moulding  should  it  have  to  fit  a 
corner.  Both  these  methods  can  be 
used  in  multiple  to  give  four  or  more 
beads  at  once.  In  either  case  care  must 
be  taken  to  keep  the  parted  pieces 
separate  to  prevent  them  wandering. 
The  best  method  is  to  shape  the  rear 
top  pressure  pad  so  that  each  piece 
runs  in  its  own  groove.  The  main  diffi¬ 
culty  lies  in  making  this  type  of  pres¬ 
sure  pad.  This  problem  is  discussed  in 
the  second  article. 

Parting  cutters  are  of  two  chief 
types.  The  humped  cutter  is  the  sim¬ 
pler  to  use,  but  for  long  runs  the  cox¬ 
comb  cutter  is  more  satisfactory.  It  is 
often  possible  to  work  two  or  more 
dissimilar  parts  simultaneously  pro¬ 
vided  the  finished  thicknesses  of  all 
patterns  is  the  same.  Whereas,  for  ex¬ 
ample,  it  would  be  impossible  to  run 
two  41/2  in.  skirtings  on  a  7  in.  ma¬ 
chine,  it  is  possibFe  to  work  one  skirt¬ 
ing  with  a  2-21/2  in.  picture  rail  so  as 
to  utilize  the  full  capacity  of  the 
machine. 

The  splitting  saws  used  on  the 
beading  head  of  a  four-cutter  are 
sometimes  used  to  part  moulds  in¬ 
stead  of  the  whole  of  the  work  being 
done  by  the  top  and  bottom  heads. 
This  is  not  a  very  good  method  unless 
the  material  is  so  thick  that  the  ordi¬ 
nary  parting  cutters  are  unsuitable. 
The  saws  can,  however,  be  used  on 
the  beading  head  to  produce  small 
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rectangular  strips,  in  which  case  a 
special  metal  steadying  device  is  used 
behind  the  saws.  It  is  most  important 
to  keep  splitting  saws  very  sharp. 
[Tech.  Bui.  F.D.C.  V.  3,  No.  16.} 


Utilization 

Miedler,  K.  A.  A  contribution  to 
tropical  forest  utilization.  Unasylva, 
Vol.  7  No.  1,  March  1953,  pp.  3-9, 
10  illus. 

Tropical  hardwoods  have  three  main 
disadvantages  which  must  be  over¬ 
come  before  they  can  be  fully  utilized. 
These  are  their  susceptibility  to  fungus 
and  insect  attack,  their  tendency  to 
shrink  and  the  alternating  cross  grain, 
which  has  a  bad  effect  on  their  reten¬ 
tion  of  shape. 

Three  methods  have  been  investi¬ 
gated  in  Burma  for  putting  the  tim¬ 
bers  into  a  condition  suitable  for 
housebuilding.  The  first  process  was 
a  new  method  of  drying  the  timber  at 
temperatures  up  to  120°  C.  in  a 
stream  of  air  travelling  at  a  speed  of 
up  to  33  ft.  per  sec.  Using  this  method 
gwe  (Spondias  magnifera)  boards  % 
in.  thick  can  be  dried  from  a  moisture 
content  of  45%  to  9%  in  under  6  hr. 

The  second  method  of  improving 
the  wood  was  to  impregnate  it  with  a 
synthetic  resin.  This  treatment  in¬ 
creases  the  pressure  resistance  of  the 
wood  by  about  30%  and  the  surface 
hardnesss  by  about  80%  and  decreases 
the  amount  of  movement  due  to  mois¬ 
ture  changes  by  about  45%.  The  resin 
is  also  a  preservative. 

The  third  method  of  overcoming 
the  disadvantages  of  the  timber  was 
to  use  it  for  the  manufacture  of  chip¬ 
board.  In  general  the  lighter  and 
softer  species  produced  better  boards, 
the  harder  species  giving  a  board  with 
less  uniform  structure  although  very 
resistant.  Finally,  the  harder  and 
heavier  chips  were  used  for  the  inner 
layers  with  the  more  pliable  chips  on 
the  surface  to  give  a  better  finish.  In¬ 
vestigations  of  the  use  of  chipboard  in 
house  construction  are  still  in  prog¬ 
ress.  [Tech.  Bui.  F.D.C.  V.  3,  No.  16.] 

Furniture 

Potter,  D.  M.  Mechanized  furni¬ 
ture  production.  Mechanical  Han¬ 
dling,  Vol.  40  No.  4,  April  1953, 
pp.  154-7,  8  illus. 

The  conveyor  systems  and  manu¬ 
facturing  procedure  used  by  the  Tyne 
Furniture  Works  Ltd.  for  the  batch 
production  of  furniture  on  a  flow  line 
principle  are  described.  The  timber, 
veneer  and  plywood  are  first  taken 
into  the  mill  where  the  components 
are  machined  and  sanded,  and  then 


by  fork  truck  to  the  finished  parts 
store  where  they  are  stacked  to  a  con¬ 
siderable  height.  From  this  stage  on¬ 
wards  most  operations  and  all  move¬ 
ments  are  on  conveyors.  The  handling 
equipment  used  up  to  this  point  is 
enumerated. 

The  cabinet  shop  layout  and  the 
methods  of  materials  handling  used 
in  the  assembly  stages  of  the  case 
goods  are  described.  The  case  goods, 
which  arrive  in  the  polishing  shop  'in 
the  white,’  are  'filled’  and  placed  on 
the  moving  floor  for  drying.  After 
sorting  and  sanding  they  are  placed 
on  the  spray  conveyor  which  takes 
them  through  the  waterwash  booths 
to  the  stoving  ovens  for  drying.  This 
shop  has  five  distinct  conveyor  systems 
which  are  explained  in  detail  with 
illustrations. 

The  fitting  shop  has  two  conveyors 
which  deliver  polished  furniture  from 
the  polishing  shop.  The  fitting  opera¬ 
tions  are  carried  out  on  conveyors  or 
on  the  floor  according  to  the  time 
allowed. 

In  the  dispatch  department  the  fin¬ 
ished  furniture  is  transferred  from  the 
conveyor  to  the  vans  in  a  loading  dock. 
[Tech.  Bui.  F.D.C.  V.  3,  No.  16.] 

H.  McG.  Dunnett 
Packaged  furniture 

The  Architectural  Review,  Vol.  Ill 

No.  664,  April  1952,  pp.  240-9,  illus. 
It  is  pointed  out  that  the  idea  of  fur¬ 
niture  which  can  be  put  together  or 
taken  apart  is  far  from  new  since 
large  wardrobes,  tallboys,  and  beds 
are  made  on  this  principle  to  allow 
for  easy  movement  within  the  home. 
The  chief  purpose  of  the  new  pack¬ 
aged  furniture  is,  however,  to  lower 
selling  costs  by  reducing  the  space  re¬ 
quired  for  storage  in  warehouses  and 
showrooms  and,  in  particular,  by  reduc¬ 
ing  transport  costs.  Packaged  furniture 
has  the  added  advantage  that  it  is 
less  liable  to  damage  or  surface- 
deterioration  by  dust,  etc,  in  storage 
than  is  built-up  furniture.  A  draw¬ 
back  to  its  introduction  is  that  it  re¬ 
quires  to  be  carefully  designed  to  give 
simple  assembly,  must  be  manufac¬ 
tured  to  exact  dimensions,  and  entails 
the  development  of  simple,  robust 
fastenings  for  use  in  fitting  the  parts 
together.  Thus  a  large  capital  expendi¬ 
ture  is  required  on  the  part  of  the 
manufacturer.  It  has  also  been  found 
in  practice  that  only  the  simpler  arti¬ 
cles  of  furniture,  such  as  small  coffee 
tables,  are  popular  for  entire  home 
assembly.  Other  articles  of  furniture 
are  more  usually  assembled  in  the  re¬ 
tail  store,  although  assembly  is  simple 
and  requires  no  special  equipment  or 
skilled  labour. 


In  Sweden  the  manufacture  and  sale 
of  packaged  furniture  has  been  suc¬ 
cessfully  carried  out  by  a  large  retail 
store,  Nordiska  Kompaniet.  Their 
dining  chair  packs  into  a  cardboard 
carton  and  requires  only  a  screw  in 
each  leg  and  the  back  to  be  assembled 
into  a  good-looking,  sound  piece  of 
furniture.  Coffee  tables,  dining  tables, 
small  easy  chairs,’ cupboard  and  storage 
units  are  also  manufactured.  Having 
established  the  exacting  standards  and 
processes  required  in  the  production  of 
packaged  furniture,  the  store  has  since 
found  it  more  economical  to  produce 
their  conventional  built-up  furniture 
by  the  same  methods. 

Examples  of  packaged  furniture 
made  in  Denmark,  Finland,  Switzc  - 
land,  Holland,  France,  Italy  ar  1 
America  are  described.  In  Switzerlan  J, 
as  in  Sweden,  the*  development  <  f 
this  type  of  furniture  has  been  pr  >- 
moted  by  a  large  retail  store.  Litile 
use  appears  to  have  been  made  -'f 
packaged  furniture  in  the  U.  S.  ’a 
this  country  a  Finnish  knock-dov.n 
chair,  which  also  stacks,  is  made  und.r 
license  by  Morris  of  Glasgow.  The 
Packet  Furniture  Company  make  .ui 
easy  chair  with  the  seat  and  back  buht 
up  on  bent  laminated  frames,  and 
Herbert  Berry  markets  occasional 
tables  of  knock-down  construction. 

The  article  is  well  illustrated  with 
photographs  of  the  pieces  of  furniture 
described,  both  in  their  assembled  and 
knock-down  form.  [Tech.  Bui.  F.D  C. 
V.  2,  No.  11] 

Seasoning 

Report  on  an  investigation  into  the 
drying  of  timber  by  the  application 
of  radio-frequency  heating 

G.  H.  Pratt  and  A.  R.  Dean 

Forest  Products  Research  Laboratory 
Report,  October  1951,  36  pp.,  12  figs., 
8  illus.,  14  refs. 

The  objects  of  the  investigation 
were  to  determine  the  suitability  of 
R.F  heating  for  drying  timber,  and  to 
evolve,  if  possible,  a  technique  lor 
commercial  use.  Beech  and  oak  v\  re 
chosen  for  the  first  series  of  tests  .is 
they  represent,  roughly,  the  extreivrcs 
of  permeability  in  home-grown  hard¬ 
woods.  Two  types  of  test  were  consid¬ 
ered:  in  one,  R.F  heat  was  used  to 
raise  the  temperature  of  the  wood  to 
boiling  point  so  that  moisture  v  is 
driven  off  in  the  form  of  steam:  m 
the  other,  R.F  heating  of  the  wo  d 
was  used  in  conjunction  with  the  i  r- 
culation  of  cool  air  over  the  spcximv  n. 
By  this  means  a  temperature  gradient 
was  set  up  which  augmented  the  nor¬ 
mal  vapour  pressure  gradient  and  >o 
caused  the  moisture  to  move  to  tne 
surfaces  more  quickly  than  in  or  'i- 
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n. iry  kiln  drying.  Full  details  are  given 
0.  the  apparatus  used  and  of  the  meas- 
ui.ments  taken. 

Using  the  'boiling’  method  it  was 
fo  ind  that  beech,  which  is  very  per¬ 
il  ible  along  the  grain,  can  be  dried 
ii  an  hour  or  so  without  appreciable 
d'  ^rade,  but  the  final  moisture  con- 
k  It  is  seldom  uniform.  Green  oak 
si  . wed  bad  degrade  by  internal  rup- 
tu  e  caused  by  the  high  pressure  set 
u;  by  the  entrapped  steam.  Air-dried 

o. ik.  may  sometimes  be  dried  further 
by  this  method  without  actually  burst¬ 
ing,  but  severe  surface  checking  is- 
likely.  Tests  made  on  other  species 
show  that  'boiling’  is  suitable  only  for 
the  very  few  timbers  having  a  struc¬ 
ture  which  allows  a  fairly  easy  escape 
for  the  steam  produced. 

Using  the  temperature  gradient 
method,  small  loads  could  be  dried 
from  the  green  to  a  fairly  uniform 
moisture  content  of  12-13%  without 
excessive  degrade  and  with  a  uniform 
final  moisture  content  distribution.  The 
time  required  was  one-third  to  one- 
fifth  of  that  taken  in  normal  kilning. 
It  is  felt,  however,  that  the  difficulties 
of  drying  a  commercial  size  pile  might 
be  insuperable.  In  any  case,  it  is  doubt¬ 
ful  whether  the  limited  increase  in 
the  drying  rate  would  offset  the  initial 
cost  of  installing  R.F  generators  as 
well  as  a  fully  equipped  kiln,  and  the 
high  cost  of  running  and  maintaining 
the  plant.  [Tech.  Bui.  F.D.C.,  V.  3, 
No.  13] 

Detection  of  case-hardening. 
AID/AIS  Inspection  Instruction 
AP4089  D/435,  Appendix  A,  pp. 
1-2. 

The  Aeronautical  Inspection  Direc¬ 
torate  of  the  Ministry  of  Supply  have 
developed  a  method  of  detecting  case- 
hardening  in  birch  plywood. 

One  drop  of  an  indicator  known 
as  'LQ  Indicator,  type  T  is  placed 
on  the  surface  to  be  tested  using  a 
glass  tube  or  dropping  bottle.  The 
drop  should  then  be  watched  for 
about  a  minute.  Case-hardening  is  in¬ 
dicated  if  the  drop  remains  lying  on 
the  surface  and  stays  its  original  in¬ 
tense  blue  colour.  Slight  penetration 
accompanied  by  bluish-green  streaks 
running  in  the  direction  of  the  grain 
should  be  disregarded.  If  the  wood  is 
in  ■:(X)d  condition  on  the  other  hand, 
th.  indicator  will  be  absorbed  into  the 
wo'id  forming  a  spot  with  a  bright 
gr  n  centre  surrounded  by  a  pale 
ye'l  w  or  orange-coloured  fringe, 
i  he  formula  for  the  indicator  is: 

ethylene  blue:  0.07g. 

iiline  sulphate:  0.5g. 
tilled  water:  lOOcc. 


Pure  materials  should  be  used  and 
they  should  be  thoroughly  dried  be¬ 
fore  weighing.  It  is  sometimes  neces¬ 
sary  to  add  a  few  drops  of  dilute  sul¬ 
phuric  acid  to  bring  the  pH  value  to 
about  3.5.  [Tech.  Bui.  F.D.C.  V.  3, 
No.  16.] 

Veneers  and  Plywood 

Ways  of  cutting  production  costs 
in  modern  veneer  work.  Vttrnhhing 
W'^orld,  Vol.  36  No.  632,  6  March 
1953,  pp.  63-5,  2  illus. 

Economical  production  methods  and 
high  productivity  are  essential  to  meet 
the  demands  of  a  competitive  market. 
Thus  the  introduction  of  synthetic 
resin  glues  is  far  more  important  be¬ 
cause  they  set  quickly  than  because 
they  produce  a  stronger  joint.  Two 
comparatively  recent  developments 
have  improved  productivity  and  re¬ 
duced  wastage  in  veneering.  One  is 
the  use  of  powder  hardeners  and  the 
other  is  the  installation  of  bulk  stor¬ 
age  systems.  Powder  hardeners  arc 
ideal  for  veneering  because  they  have 
a  long  pot-life  and  need  only  be  mixed 
once  a  day  and  because  curing  takes 
only  a  few  minutes  once  heat  has  been 
applied.  Powder  hardeners  also  have 
considerable  gap-filling  properties  in 
the  glue-line.  The  scope  of  the  hard¬ 
eners  can  be  seen  from  a  quick  refer¬ 
ence  card  showing  pressing  times  and 
pot-lives,  which  has  been  issued  by 
Aero  Research  Ltd. 

It  has  been  found  practical  for  large 
veneering  shops  to  have  their  glue  de¬ 
livered  in  5-ton  tankers  instead  of  in 
drums.  A  pump  is  fitted  to  the  tank¬ 
ers,  so  no  machinery  is  required,  and 
maintenance  of  the  tanks  and  piping 
is  extremely  simple. 

Since  the  bonding  of  veneers  with 
synthetic  resin  glues  is  based  on  a 
chemical,  not  a  physical,  reaction  it 
must  be  controlled  very  delicately.  Bad 
results  can  nearly  always  be  traced  to 
failure  to  provide  the  conditions  re¬ 
quired  by  a  particular  glue.  Times 
given  arc  exact,  and  it  is  useless  to  try 
and  rush  a  particular  job.  Veneers 
must  be  cooled  before  spreading,  vis¬ 
cosity  must  be  carefully  adjusted,  there 
must  be  no  delay  during  the  loading 
of  the  press  and  no  resin  should  be 
used  once  the  shelf  life  has  expired. 
Mixing  requires  particular  attention 
during  hot  weather,  when  it  must  be 
completed  quickly  and  the  glue  stored 
in  a  cool  place  to  prolong  the  pot-life. 
[Tech.  Bui.  F.D.C.  V.  3,  No.  16.] 


Miscellaneouns 

Stanislawski,  A.  Brykietowanie 
trocin  bez  nzyeia  srodkow  wiazacych. 
Czesc  I.  Nowa  metoda — Proby  i 
badania.  {Briquetting  of  sawdust 
without  binders.  Part  I.  A  new 
method — ^Tests  and  investigations.} 
Prace  Inst.  Bad.  Lesn.  No.  79,  1952. 
pp.  56.  7  refs.  [Pol.  russ.] 

A  discussion  of  6  foreign  (2 
Soviet,  1  Finnish,  1  German,  1 
Swedish,  and  1  American)  methods  of 
binderless  briquetting  of  sawdust  is 
followed  by  a  detailed  description  of 
the  design,  construction,  and  per¬ 
formance  of  a  Polish  briquetting  ap¬ 
paratus  the  prototype  of  which  was 
built  in  December  1949.  The  pressure 
used  is  70  kg./sq.  cm.,  the  tempera¬ 
ture  from  250°  C.  (light-coloured 
briquettes)  up  to  400°  (dark  bri¬ 
quettes).  The  method  is  claimed  to  be 
applicable  for  briquetting  raw  (un¬ 
screened)  hardwood  or  softwood  saw¬ 
dust,  turnings,  conifer  needles,  and  oil- 
industry  waste  such  as  sunflower  seed 
husks.  The  properties  of  the  sawdust 
briquettes  obtained  [the  first  figure 
refers  to  light,  and  the  second  to 
dark  briquettes]  were:  density  when 
absolutely  dry — 0-855,  0-700  g./c.c.; 
moisture  content  of  manufactured 
product — 8-0,  5-5%;  absorption  of 
water  vapour  by  absolutely  dry  speci¬ 
mens  (relative  humidity  72%,  tem¬ 
perature  20°) — 9-5,  7  5%.  Dark  bri¬ 
quettes  do  not  disintegrate  in  water 
for  12  months.  The  briquettes  can  be 
used  advantageously  for  dry  distilla¬ 
tion,  behaving  like  solid  wood.  Dark 
briquettes  are  suitable  for  gas- 
producers.  [Forestry  Abstracts,  V.  14, 
No.  3] 


NORTHERN  HARDWOOD 
VENEERS 

ROTARY  CUT 

BIRCH— MAPLE— BASS¬ 
WOOD 

Random  &  Dimensions  Widths 
— Lengths  to  100" 

THE  MAYES  CO. 
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COMPANY  SUPPORTING  MEMBERS 


ALABAMA 

W.  T.  Smith  Lumber  Co.,  Chapman 
ARKANSAS 

Bradley  Lumber  Co.  of  Arkansas,  Warren 
Ctossett  Lumber  Co.,  Crossett 
Dierks  Lumber  &  Coal  Co.,  Mountain  Pine 
Southern  Lumber  Co.,  Warren 
CAUFORNIA 

California  Redwood  Association,  San  Francisco 
L.  J.  Carr  &  Co.,  Sacramento 
Crane  Mills,  Corning 
Ivory  Pine  Co.,  Dinuba 
National  Wood  Treating  Corp.,  Oroville 
Scott  Lumber  Co.,' Inc.,  Burney 
<Tarter,  Webster  &  Johnson,  Stockton 
E.  K.  Wood  Lumber  Co.,  San  Francisco 
GEORGIA 

Southern  Wood  Preserving  Co.,  Atlanta 
IDAHO 

Potlatch  Forests.  Inc..  Lewiston 
ILLINOIS 

General  Electric,  Illinois  Cabinet  Plant,  Rock¬ 
ford 


Greenlee  Tool  Co.,  Rockford 
Edward  Hines  Lumber  Co.,  Chicago 
Johnson  8c  Carlson,  Chicago 
Pressed  Steel  Car  Co.,  Inc.,  Chicago 
Sherwin-Williams  Co.,  Chicago 
Steger  Furniture  Mfg.  Co.,  Steger 
Wood  &  Wood  Products,  Chicago 

INDIANA 

The  Dunbar  Furniture  Mfg.  Co.,  Berne 
IOWA 

Curtis  Co.  Inc.,  Clinton 
LOUISIANA 

Cunningham  Machinery  Corp.,  Shreveport . 
A.  J.  Hodges  Industries,  Inc.,  Shreveport 
Louisiana  Long  Leaf  Lumber  Co.,  Fisher 

MARYLAND 

National  Store  Fixture  Co.,  Inc.,  Odenton 
J.  1.  Wells  Co.,  Salisbury,  Maryland 

MASSACHUSETTS 

Draper  Corp.,  Hopedale 
Heywood-Wakefield  Co.,  Gardner 
A.  G.  Spalding  &  Bros.,  Inc.,  Chicopee 


Resilient  Roll,  Boll  Bearing  Glue  Spreoder 

The  No.  2  2D  Ball  Bearing,  Resilient  Roll  Spreader  for  resins,  casein, 
and  other  cold  glues  is  unmatched  in  speed,  economy,  accuracy,  clean¬ 
liness  and  quality  produaion.  Gluing  rolls  are  deeply  covered  with 
fine  synthetic  rubber,  and  are  specially  grooved  to  control  the  amount 
of  resins  deposited  and  to  conform  to  irregularities  in  the  veneer. 
Accurate,  heavy  duty  ball  bearings  are  sealed  to  keep  lubricants  in, 
and  dirt  and  glue  out.  Doctor  rolls  are  heavily  coated  with  a  highly 
polished,  non-ferrous  surface  to  accurately  control  the  glue  spread 
and  eliminate  corrosion.  Investigate  the  No.  2  2D  spreader ...  write 
for  supplement  to  Bulletin  1 1-A 


'Jf  It  Is  Gluing  Etfuipment  -  IVe  Haye  It' 

THE  BLACK  BROTHERS  CO.,  INC./i 

MENDOTA,  ILLINOIS,  II.  $.‘a.  . 


MICHIGAN 

Baker  Furniture,  Inc.,  Grand  Rapids 
The  Connor  Lumber  8c  Land  Co.,  Wakefield 
The  Dow  Chemical  Co.,  Midland 
Everett  Piano  Co.,  South  Haven 
The  Lloyd  Manufacturing  Co.,  Menominee 
MINNESOTA 

Mereen-Johnson  Machine  Co.,  Minneapolis 
Rilco  Laminated  Products,  Inc.,  St.  Paul 
Wabash  Screen  Door  Co.,  Minneapolis 
MISSOURI 

Monsanto  Chemical  Co.,  St.  Louis 
NEVADA 

Vaughn  Millwork  Co.,  Reno 
NEW  YORK 

American  Defibrator,  Inc.,  New  York 
Borden  Co.,  New  York 
Peter  Cooper  Corps.,  Gowanda 
Oval  Wood  Dish  Corp.,  Tupper  Lake 
Reichhold  Chemicals,  Inc.,  N.  Y. 

United  States  Plywood  Corp.,  New  York 
Wood  Metals  Industries,  Inc.,  N.  Y. 
NORTH  CAROUNA 

The  Champion  Paper  &  Fiber  Corp.,  Canton  , 
Deluxe  Saw  8c  Tool  Company,  High  Point 
OHIO 

The  Baker  Wood  Preserving  Co.,  Columb'  $ 
The  Baldwin  Co.,  Cincinnati 
Buckeye  Screen  8c  Weatherstrip  Co.,  Colui  aus 
Coe  Manufacturing  Company,  Painesville 
The  Kirk  &  Blum  Mfg.  Co.,  Cincinnati 
Moraine  Box  Company,  Dayton 
OREGON 

Cascades  Plywood  Corporation,  Portland 
J.  Neils  Lumber  Co.,  Portland 
Oregon  Lumber  Co.,  Baker 
Stimson  Lumber  Co.,  Forest  Grove 
Timber  Structures,  Inc.,  Portland 
West  Coast  Lumberman’s  Assn.,  Portland 
PENNSYLVANIA 
Blaw-Knox  Company,  Pittsburgh 
Firth  Sterling  Steel  &  Carbide  Corp.,  Pittsb  urgh 
Frick  Company,  Waynesboro 
Gunnison  Homes,  Inc.,  Harrisburg 
Koppets  Company,  Inc.,  Pittsburgh 
Perkins  Glue  Co.,  Lansdale 
SOUTH  CAROLINA 
Lightsey  Brothers,  Miley 
TENNESSEE 
E.  L.  Bruce  Co.,  Memphis 
Chapman  Chemical  Company,  Memphis 
Memphis  Hardwood  Flooring  Co.,  Memphis 
Nickey  Bros.,  Inc.,  Memphis 
Tenn.  Products  &  Chemical  Corp.,  Nashville 

TEXAS 

Wm.  Cameron  &  Co.,  Inc.,  Waco 
Kirby  Lumber  Corporation,  Houston 
VERMONT 

Fyles  &  Rice  Co.,  Inc.,  Bethel 
WASHINGTON 

American  Marietta  Co.,  Seattle 
Deer  Park  Pine  Industry,  Inc.,  Deer  Park 
Douglas  Fir  Plywood  Association,  Tacomi 
Eatonville  Lumber  Co.,  Tacoma 
The  Long-Bell  Lumber  Co.,  Longview 
Simpson  Logging  Co.,  Shelton 
Weyerhaeuser  Timber  Co.,  Tacoma 
WISCONSIN 

The  Buckstaff  Co.,  Oshkosh 
Harnischfeger  Corp.,  Port  Washington 
Holt  Hardwood  Co.,  Oconto 
Marathon  Corp.,  Rothschild 
Mosinee  Paper  Mills  Co.,  Mosinee 
D.  J.  Murray  Mfg.  Co.,  Wausau 
Paine  Lumber  Co.,  Oshkosh 
Rhinelander  Paper  Co.,  Rhinelander 
ALASKA 

Ketchikan  Spruce  Mills,  Ketchikan 
CANADA 

British  Columbia  Lbr.  Mfrs.  Assn.,  Vancr  vet, 
B.  C. 

Canadian  Forest  Products  Limited,  New  '  'est- 
minster,  B.  C. 

Dominion  Electrohome  Industries,  >d.. 
Kitchener,  Ont. 

The  Knight  Mfg.  &  Lbr.  Co.  Ltd.,  Me;  ■  >rd, 
Ontario 

MacMillan  8c  Bloedel  Limited,  Vancouver,  H.C. 
A.  S.  Nicholson  &  Son,  Ltd.,  Burlington,  f  'nt. 
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Fred  E.  Dickinson,  seated,  National  Meet¬ 
ing  Chairman,  discusses  a  point  with  the 
members  of  the  Steering  Committee  for 
1954's  meeting.  Standing,  left  to  right,  are 
Stephen  D.  Pryce,  General  Arrangements 
Chairman;  Stephen  B.  Prestan,  Budget  and 
Finance  Chairman;  George  F.  Herrity,  Pub¬ 
licity  Chairman.  All  af  these  men  are  Michi¬ 
gan  residents  which  will  came  in  handy  since 
19S4's  meeting  will  be  held  in  Grand  Rapids 
May  5,  6  and  7.  Dickinson  is  head  of  the 
Department  of  Wood  Technology  at  the  Uni¬ 
versity  of  Michigan.  Pryce  is  quality  control 
specialist  and  trauble  shaoter  at  John  Wid- 
dicomb  Company,  Grand  Rapids;  Preston  is 
a  Professor  of  Wood  Technology  at  the  Uni¬ 
versity  of  Michigan;  Herrity  is  a  salesman  for 
the  Denman  Lumber  Company,  Grand  Rapids. 

'54  Meeting  Plans 
Discussed  at  Grand  Rapids 

On  October  20,  21  Dr.  J.  Alfred 
Hall,  North  Central  Regional  Board 
Member,  Frank  J.  Rovsek,  Executive 
Secretary,  and  Robert  N.  Smith,  FPRS 
office,  attended  a  meeting  at  Grand 
Ripicis,  Michigan  to  discuss  plans  for 
the  forthcoming  1954  national 
meeting. 

Fred  Dickinson,  chairman  of  the  ’54 
national  meeting  outlined  the  events 
schednled  and  the  general  program 
for  the  three-day  meeting  to  be  held 
4t  Grand  Rapids  on  the  5th,  6th,  and 
^th  0!  May. 

AvMsting  Dickinson  are  the  follow- 
ing  steering  committee  chairmen: 
Ste\t  Pryce,  general  arrangements 
chain  ian;  Steve  Preston,  chairman  of 
finan^  and  budget;  George  Herrity, 
publ  ,ty  chairman;  and  Helen  Glea- 
^n,  liairman  of  the  committee  for 
wonv  !i’s  activities. 

,  JOL  ilNAL  of  FPRS 


The  Pantlind  Hotel  will  be  FPRS 
headquarters  with  350  rooms  reserved. 

The  following  is  the  tentative  sched¬ 
ule  of  events : 

Tuesday : 


P.M. 

Registration  in  Lobby  of  the 

Evening 

Pantlind  Hotel 

Meeting  of  the  Education 
Committee 

Welcoming  Reception 

Wednesday : 

All 

Meetings  of  FPRS  Subject 

Day 

Matter  Committees  in  Pant¬ 
lind  Hotel  and  Civic  Audi¬ 
torium 

Registration  in  Civic  Audi¬ 
torium 

Plant  Tours 

Woodworkers’  Industry  Show 

Thursday : 

A.M. 

Authors’  Breakfast 

Noon 

Two  Technical  Sessions 

P.M. 

The  Advisory  Committee — 

Evening 

Executive  Board  Luncheon 
Two  Technical  Sessions 

Paul  Bunyan  Hour — Reception 
and  FPRS  "Party” 

Friday: 

A.M. 

Authors’  Breakfast 

Noon 

Two  Technical  Sessions 

P.M. 

The  Official  Luncheon  and 
Business  Meeting 

Two  Technical  Sessions 

The  ladies  program — to  be  an¬ 
nounced  later — will  include  varied 
activities  on  all  three  days. 

The  Technical  Sessions  as  an¬ 
nounced  by  the  National  Meeting  Pro¬ 
gram  Chairman,  Lester  J.  Carr,  Sacre- 
mento,  Calif.,  are:  May  6th,  I  Pack¬ 
aging,  II  Wood  Composition  Board, 
III  Wood  Machining,  IV  Wood  Dry¬ 
ing.  May  7th,  V  Glues  &  Gluing,  VI 
General,  VII  Wood  Finishing,  VIII 
Quality  Control. 

Latest  FPRS  Supporting  Member 

We  salute  the  Chemical  Plants  Divi¬ 
sion  of  the  Blaw-Knox  Company,  Pitts¬ 
burgh,  Pennsylvania,  a  new  support¬ 
ing  member  of  the  FPRS. 

The  Division  prepares  engineering 
and  economic  studies  and  the  design, 
construction,  equipment  of,  and  the 
supervision  of  initial  operation  of  com¬ 
plete  plants  or  portions  thereof. 


It  operates  in  the  fields  of  wood- 
utilization  methods,  chemicals,  resins 
and  plastics,  atomic  energy,  synthetic 
and  natural  fuels,  drugs,  foods,  syn¬ 
thetic  rubber,  petroleum,  and  •  many 
other  products. 

In  addition  to  Blaw-Knox,  in  re¬ 
cent  weeks  the  following  cortipanies 
have  joined  the  FPRS  as  supporting 
members:  The  Wabash  Screen  Door 
Co.,  Minneapolis;  Nickey  Brothers, 
Inc.,  Memphis;  Illinois  Cabinet  Plant 


There  is  a  general  consensus  of 
opinion  these  days  that  research  is 
a  major  way  of  holding  and  even 
developing  the  uses  of  wood  and 
its  markets.  The  competition  that 
the  wood  industry  faces  from  the 
steel  and  plastics  industries  is  get¬ 
ting  stiffer  and  stiffer  every  day. 

But  research  is  only  effective 
when  it  reaches  the  people  who 
put  the  valuable  data  into  action — 
and  the  finished  product! 

The  Forest  Products  Research 
Society  is  learning  new  facts,  proc¬ 
esses,  and  production  methods  con¬ 
stantly.  However,  it  is  only  when 
the  "new  word”  has  reached  the 
ears  of  its  members  and  translated 
into  action  that  the  wood  industry 
can  hope  to  maintain  its  markets 
and  develop  new  ones. 

By  disseminating  the  publica¬ 
tions  of  the  FPRS  a  genuinely 
helpful  service  is  being  done  to 
help  the  wood  industry  hold  its 
markets.  Yet,  the  FPRS  could  be 
doing  a  far  more  effective  job  if  it 
reached  more  people  in  the  wood 
industry. 

This  is  where  you  come  into 
the  picture. 

It  stands  to  reason  that  the  more 
people  receiving  news  of  improved 
methods  and  products;  the  better 
off  everybody  will  be.  That  in¬ 
cludes  not  only  the  consumer  but 
also  the  producer  of  wood  prod¬ 
ucts.  By  helping  to  increase  the 
membership  of  the  FPRS  you  are 
helping  to  aid  the  improvement  of 
the  wood  industry.  You  undoubt¬ 
edly  know  of  a  friend  or  business 
acquaintance  who  would  benefit  by 
being  a  member  of  the  FPRS.  By 
encouraging  him  to  join,  you  are 
encouraging  the  technological  de¬ 
velopment. 
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CONTAINING 
PENTAchlorophenol 


first  choice  ...  of  men 
who  know  wood  preservation 


Since  its  introduction,  WOODLIFE,  the  cleon,  penetrating  water  repellent 
preservative  has  been  used  in  ever  increasing  volume  by  the  leading 
Millwork  Manufacturers.  Life  preserving  treatment  of  windows,  doors, 
frames  and  other  wood  products.  They  KNOW,  from  experience,  that 
WOODLIFE  protects  against  swelling,  shrinking,  warping,  checking  and 
grain  raising  caused  by  rapid  moisture  changes  in  wood.  It  kills  decay 
and  stain  fungi  and  effectively  controls  termites  and  other  wood  destroy¬ 
ing  insects. 

Also  .  .  .  among  th.  m.n  who  KNOW,  ‘‘Prol.clion  Products”  is  choson  for  its 
.ngin.oring  "know-how”  in  trMling  proc.ss.s — including  DRI-VAC,  th.  mod.m 
vacuum  m.thod  d.v.lop.d  in  Ih.ir  laboratori.s  cmd  now  altrcKling  such  wid.  sprMd 
inl.rast. 


Manufacturers  of 
chemical  preservatives 
since  1921 


Research  Laboratory  and  Plant 


KALAMAZOO,  MICH. 


Smart  Lumbermen 

Bank  on  CORLEY 


Yes,  bank  is  the  word  for  Corley.  You  can  increase  your 
bank  deposits  when  you  change  to  Corley  Sawmill  Machinery 
— the  machinery  with  the  profit  built  in. 

And  you  can  bank  on  Corley  for  the  best  values  and  fastest 
service  on  all  your  sawmill  needs. 


SAW  MILLS 


EDGERS 


TRIMMERS 


Accessory  Equipment 

SAWS  •  SAW  TEETH  •  SUPPLIES 


CORLEY  MANUFACTURING  CO. 

Chattanooga  1,  Tenn. 

FACTORY  BRANCHES  at  LIHLE  ROCK,  ARK.  and  PORTLAND,  ORE. 
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New  Blow— Knox  laboratory. 


of  General  Electric  Co.,  Rockford, 
Ill.,  Coe  Manufacturing  Co.,  Paines- 
vilk-,  Ohio;  and  National  Store  Fix- 
turi.  Co.,  Inc.,  Odenton,  Maryland. 

Space  Rapidly  Filling 

for  Grand  Rapids  Industry  Show 

Earlier  announcements  that  there 
would  be  a  Woodworkers  Industry 
I  Show  in  Grand  Rapids,  May  5th,  6th, 
and  7th,  1954  have  started  a  tre¬ 
mendous  request  for  space  according 
to  Robert  Hiller,  Vice  President  of 
Hiller  &  Stuart  Co. 

Information  and  contracts  have 
now  been  mailed  to  over  1300  sup¬ 
pliers  of  the  woodworking  industry. 
The  biggest  worry  now  is  that  there 
won’t  be  enough  space  for  all  those 


interested  in  showing.  The  following 
companies  have  already  requested  from 
1  to  8  booths: 

Alexander  Dodds  Co.,  American 
Cyanamid,  Armstrong  Machine  Works, 
The  Bahnson  Company,  The  Bell  Ma¬ 
chine  Co.,  The  Black  Bros.  Co.,  Inc., 
Buss  Machine  Works,  C.  K.  L.  Ma¬ 
chine  Co.,  Cleworth  Publishing  Co., 
Cosgrove  Publishing  Co.,  Curtis  Ma¬ 
chine  Corp.,  Drake  Corporation,  Ek- 
strom,  Carlson  &  Co.,  J.  A.  Fay  & 
Egan  Company,  Fiberesin  Plastics, 
Fjellman  &  Winther  Eng.  Co.,  Green¬ 
lee  Bros.,  Hitchcock  Publishing  Co., 
Howell  Electric  Motors,  Irvington 
Machine  Works,  Lemmon  &  Snoap, 
Masonite  Corporation,  Mattison  Ma¬ 
chine  Works,  Mereen-Johnson  Ma¬ 
chine  Co.,  J.  M.  Nash  Company,  Na¬ 
tional  Casein  Co.,  Nelsonite  Chem¬ 
ical  Products,  Inc.,  Newman  Machine 
Co.,  Inc.,  Oliver  Machinery  Company, 
Onsrud  Machine  Works,  Inc.,  Pearson 
Sanding  Machine  Co.,  C.  O.  Porter 
Machinery  Co.,  Rockwell  Mfg.  Com¬ 
pany,  Redco  Tool  Company,  B.  M. 
Root  Company,  Sheboygan  Machine 
Co.,  Standard  Dry  Kiln,  Tannewitz 
Works,  The  Union  Tool  Corp.,  Wal¬ 
ters  Mfg.  Company,  Yates- American 
Machine  Co. 

There  has  been  a  great  deal  of  in¬ 
terest  shown,  particularly  by  the  wood¬ 
working  machinery  manufacturers.  We 


have  learned  that  several  of  the  com¬ 
panies  will  introduce  new  machines  at 
the  Show  as  well  as  have  other  equip¬ 
ment  on  display  for  the  first  time. 
Nearly  all  of  the  machinery  will  be 
in  operation,  which  will  add  a  great 
deal  to  the  interest.  The  equipment 
and  product  suppliers  will  be  there 
to  show  one  and  all  how  they  can 
increase  the  quality  and  cut  the  manu¬ 
facturing  costs  of  their  wood  items. 

Two  Constitutional  Amendments 
Approved  by  Membership 

Two  changes  in  the  Society’s  By- 
Laws,  previously  adopted  unanimously 
by  members  at  the  7th  Annual  Busi¬ 
ness  Meeting,  at  Memphis,  Tenn., 
June  15,  1953,  have  now  been  ap¬ 
proved  by  the  voting  membership  at 
large  through  letter  ballot  as  provided 
under  terms  of  the  Constitution. 

A  Teller’s  Committee,  Wayne  C. 
Lewis,  Madison,  Wis.,  Chairman,  has 
submitted  the  results  of  the  vote  as 
follows:  Article  V,  Section  3:  For, 
661;  Against,  4;  Void,  15.  Article  V, 
Section  5:  For,  663;  Against,  3;  Void, 
15. 

The  Amendment  to  Article  V,  Sec¬ 
tion  3,  as  approved,  reads  "Dues  for 
voting  and  associate  members  shall  be 
$15.00  per  year,  $2.00  of  which  will 
be  returned  to  the  Section  to  help  de¬ 
fray  administrative  expenses.  Annual 


I 


For  Better 

PLYWOOD 


Williams-White 

HOT  PLATE  PRESSES 
ore  Truly  Custom  Built 

Perfect  plywood  requires  exacting 
control  of  pressure  and  temperature 
and  a  rigid  frame  section.  These 
are  basic  in  WILLIAMS-WHITE  Hot 
Plate  Presses. 

See  our  representative  nearest  you 
or  write  us  direct  tor  full  informa¬ 
tion.  No  obligation  on  your  part, 
of  course. 


Representatives: 

ALLIED  NORTHWEST  MACHINE  TOOL  CORP. 
Portland,  Oregon 


WILLIAMS-WHITE  &  CO.,  Chicago  Office 
J.  E.  Maynard,  Manager 
53  West  Jackson  Boulevard 


£  WilliamS'White  &  Co. 


JOl'lNAL  of  FPRS 
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dues  for  the  fiscal  year  will  be  due 
and  payable  on  or  before  April  1  of 
each  year.  Voting  and  associate  and 
student  members  joining  between  Jan¬ 
uary  1  and  April  1  shall  automatically 
be  members  for  the  next  fiscal  year. 
Voting,  associate  and  student  mem¬ 
bers  joining  up  to  and  including  De¬ 
cember  31  shall  receive  all  publica¬ 
tions  to  which  they  are  entitled  of  that 
fiscal  year.” 

The  Amendment  to  Article  V,  Sec¬ 
tion  5,  as  approved,  reads,  "The  an¬ 
nual  dues  for  student  members  shall  be 
$3.00  per  year.” 


Membership,  September 

NORTHEAST  SECTION 
New  Members 

Isadore  Warshaw,  Production  Manager,  City 
Lumber  Company,  Inc.,  Elm  .Street,  Mon¬ 
roe,  Connecticut,  }997  V 

David  L.  Swanson,  Plant  Mgr.,  Jamestown 
Lounge  Company,  Ellicottviile,  New  York 
n  ,  c-  ^981  V 

R.  L.  Swanson,  President.  Jamestown  Lounge 

Company,  Jamestown,  New  York  3982  V 

Chemical  Plants  Division.  Blaw-Knox  Com¬ 
pany,  Attn:  E.  L.  Niederhofer,  Box  778, 
Pittsburgh  30,  Pennsylvania  3971  S 

W.  A.  Malmquist,  President,  Malmquist  Wood 
Products,  Inc.,  Post  Mills,  Vermont 

3987  V 


Changes  (Addresses) 

New 

Lawrence  G.  Wilke,  Randall  Road,  Schenec¬ 
tady  9,  New  York  3666  as 

New 

W.  Linton  Getz,  President,  The  Yeager  Fur¬ 
niture  Corp.,  438  Lehigh  Street,  Allentown. 
Pennsylvania  554  V 

CAROLINAS-CHESAPEAKE  SECTION 
Changes  (Addresses) 

New 

James  A.  Veith,  960  Ellis  Avenue,  N.  E., 

Orangeburg,  South  Carolina  2664  V 

FLORIDA-GEORGIA-ALABAMA  SECTION 

New  Members 

Peter  J.  Stern,  (duality  Control  Director, 
Southern  Plywoods,  Inc.,  P.  O.  Box  448, 
Greenville,  Florida  3991  V 

J.  A.  Holekamp,  American  Puipwood  Assn., 
Craddock  Bldg.,  105  Calhoun,  Sylacauga, 
Alabama  3988  V 

William  B.  Black,  Forest  Analyst,  Gulf  States 
Paper  Corn.,  26I8V2  Broad  Street,  Tusca¬ 
loosa,  Alabama  3973  V 

MIDWEST  SECTION 

New  Members 

Ralph  L.  Smith,  Representative,  Atlanta  Oak 
Flooring  Company,  461  North  Shore  Drive, 
Clear  Lake,  Jowa  3974  V 

J.  E.  Stanley  Wilson,  Gen.  Mgr.,  Seymour 
and  Peck  Company,  935  West  20th  Place, 
Chicago  8,  Illinois  3996  V 

H.  S.  Kuyper,  Director  of  Manufacturing, 
Rolscreen  Company,  Pella,  Iowa  3992  V 

Edward  J.  Jones,  Research  Mgr.,  The  Celo- 
tex  Corporation,  120  South  La  Salle  Street, 
Chicago  3,  Illinois  3990  V 

Changes  (Addresses) 

New 

William  Oberg,  5449  West  Crystal  Street. 
Chicago  51,  Illinois  2624  V 


OHIO  VALLEY  SECTION 
New  Members  ■ 

John  L.  Murphy,  Silver  Hills,  New  Albany, 
Indiana  3976  A 

UPPER  MISSISSIPPI  VALLEY  SECTION 
New  Members 

A.  L.  Duncan,  Plant  Mgr.,  Atlas  Plywood 
Corporation,  P.  O.  Box  500,  Rhinelander. 
Wisconsin  3967  V 

James  S.  Harding,  Mgr..  Northern  Specialty 
Co.,  706  Hendricks  Street,  Merrill,  Wis¬ 
consin  3969  V 

Clifford  A.  Baker,  Supervisor  Tech.  Service, 

Minnesota  Mining  &  Mfg.  Co.,  900  Fau¬ 
quier  Avenue,  St.  Paul,  Minnesota  3986  V 

E.  H.  Streckert.  Owner,  Streckert  Mfg.  Co.. 
Abbotsford,  Wisconsin  3877  V 


DEEP  SOUTH  SECTION 
New  Members 

Keith  Cranston,  Consultant  Forester,  Leland. 

Mississippi  3972  V 

Walter  Morgan,  Jr.,  Morgan  Lumber  Com¬ 
pany,  Jackson,  Tennessee  3980  V 

C.  Fred  Grafton,  Vice  Pres.,  Chapman  Chem¬ 
ical  Company,  707  Dermon  Bldg..  Mem¬ 
phis  3,  Tennessee  3978  V 

Erie  Racey,  American  Wood  Window  Inst., 
3012  Maple  Avenue,  Dallas,  Texas  3975  A 

Changes  (Addresses) 

New 

Richard  L.  Burkhart,  Southern  Laminating 

Co.,  1601  Clancy,  Memphis  1,  Tennessee 


Warren  S.  Thompson,  108  Raymond  Street, 
Starkville.  Mississippi  3097  as 

INLAND  EMPIRE  SECTION 
New  Members 

R.  M.  Granum,  Supt.  of  Quality  Control, 
Oregon  Fibre  Products,  Inc.,  Pilot  Rock. 
Oregon  3984  V 

PACIFIC  NORTHWEST  SECTION 
New  Members 

N.  T.  Widmann,  Asst.  Proj.  Engr.,  Weyer¬ 
haeuser  Timber  Co.,  Home  Address:  2083 
Ocean  Beach  Avenue,  Longview,  Washing¬ 
ton  3979  V 

Arnold  H.  Brandis,  Mgr.  Timber  Division, 
Longview  Fibre  Company,  Longview,  Wash¬ 
ington  3983  V 

£.  J.  Hoar,  Chief  Logging  Eng.,  MacMillan 
&  Bloedel,  Limited,  First  Avenue  South, 
Port  Alberni,  British  Columbia,  Canada 

3995  V 

Ralph  W.  Horn,  Logging  Mgr.,  Menasha 
Plywood  Corporation,  P.  O.  Box  877, 
North  Bend,  Oregon  3429  V 


Changes  (Addresses) 

New 

Gaylord  D.  Nixon,  6008  S.  E.  Taylor  Court, 
Portland,  Oregon  ,2837  V 

New 

Marvin  W.  Coats,  2920  Fillmore  Street,  Cor¬ 
vallis,  Oregon  3634  V 

New 

Harold  M.  Ely,  Chief  Chemist,  Coos  Bay 
Lumber  Company,  R.  1  Box  6,  Coos  Bay. 
Oregon  3396  V 

Reinstatement 

Robert  D.  Graham,  In  Charge  Wood  Pres¬ 
ervation,  Oregon  Forest  Products  Labora¬ 
tory,  2753  Taylor  Street,  Corvallis,  Oregon 

639  V 

PACIFIC  SOUTHWEST  SECTION 
New  Members 

Henry  Wolf,  Supervisor,  %  Davidson  Ply¬ 
wood  &  Lbr.  Co.,  3136  East  Washington 
Blvd.,  Los  Angeles  23.  California  3985  V 

Changes  (Addresses) 

New 

Harold  N.  Tombach,  Consulting  Engineer, 
2891  Canal  Avenue,  Long  Beach  10,  Cali¬ 
fornia  2718  V 


New 

Leo  A.  Mitchell  (Iowa  State  College),  410 
East  Terry,  Centerville,  Iowa  3798  as 

New 

Albert  A.  Salt.  647  Vi'est  Sheridan  Road. 
Chicago  13,  Illinois  1624  V 


NORTHERN  CALIFORNIA  SECTION 
Changes  (Addresses) 

New 

James  F.  Bridges,  Jr.,  VR-21  Navy  14,  % 
FPO,  San  Francisco,  California  3394  A 


GREAT  LAKES  SECTION 
New  Members 

COE  MANUFACTURING  COMPANY.  Attn: 

E.  P.  Morris,  Painesville  1,  Ohio  2970  S 
George  L.  Cram,  Director  of  Research  &  De¬ 
velopment,  (Zalumet  &  Hecia,  Inc.,  P.  O. 
Box  231,  Calumet,  Michigan  3968  V 

Changes  (Addresses) 

New 

Richard  H.  Plow.  410  North  Lebanon  Street, 
Lebanon,  Indiana  2714  V 


FOREIGN 

New  Members 

E.  J.  Mackay,  Chief  Chemist,  Vere  Engineer¬ 
ing  Company,  Ltd.,  4  Whitcher  Place, 

Rochester  Road,  Camden  Town,  London 

N.  W.  1,  England  3989  V 

P.  P.  George,  M.  A.,  Executive  Secretary, 
The  Western  India  Plywoods,  Ltd.,  Balia- 
patam.  Malabar,  Madras  State,  India 

3993  A 

Jean  Verbestel,  Director  of  Verkor  Research 
I.aboratory,  S.  A.  Verkor,  39  Bd  du  Regent. 
Bruxelles,  Belgium  3994  A 


Changes  (Addresses) 

New 

Kai  F.  Egund,  Director,  Traeindustriens  Fors- 
kniqgsudvalg,  Sortemosesrej,  Altered.  Den¬ 
mark  2712  V 

Reinstatement 

Pierre  Brosseau,  15  Rue  Fernand  Drouilly, 
LaGarenne-Colombes,  Seine,  France  3114  A 


NEW  PRODUCTS 

The  Hand-Girdler  is  a  compact 
one-piece  tool  that  provides  convenient 
operation  in  girdling  live  trees  by 
quickly  and  easily  removing  a  three 
inch  band  of  bark  from  the  trunk  of 
the  tree.  It  is  designed  for  use  in  the 
treatment  of  trees  -  that  are  intended 
for  poles,  fence  posts  and  pulpw  lod 
to  achieve  fast,  efficient  peeling  of  the 
bark.  In  most  cases  the  operator  an 
remain  in  one  position  while  making 
the  girdle.  For  further  informat;on, 
write  Utility  Tool  and  Body  Co., 
Marion,  Wis. 

Forall  is  a  new  low-cost  hardbiurd 
that  comes  in  thicknesses  of 

and  Smooth  on  both  sides, 
the  board  requires  no  sanding  be  ore 
finishing.  The  board  is  said  to  vork 
easily  and  sawing,  rabbeting  or  rout¬ 
ing  can  be  accomplished  without  splin¬ 
tering  or  splitting.  Nail  and  S:  rew 
holding  strength  compares  favorably 
with  other  materials.  For  further  in¬ 
formation  write  Forest  Fiber  Products, 
P.  O.  Box  68  P,  Forest  Grove,  Oregon. 

INDUSTRY  NEWS 

Resources  for  the  Future 

Formation  of  a  steering  committee 
on  use  of  the  nation’s  rural  lands — 
one  of  eight  major  natural  resuurce 
areas  to  be  surveyed  at  the  Mid  Cen¬ 
tury  Conference  on  Resources  for  the 
Future  on  Washington,  D.  C.,  Decem¬ 
ber  2,  3  and  4 — has  been  announced. 
Chairman  of  the  committee  on  Utiliza¬ 
tion  and  Development  of  Land  Re¬ 
sources  is  Lloyd  E.  Partain,  C  urtis 
Publishing  Co.,  Philadelphia.  Co- 
Chairman  is  Samuel  T.  Dana,  dean 
emeritus  of  the  School  of  Natural  Re¬ 
sources,  U.  of  Michigan. 

Timber  production  is  one  of  many 
land  use  requirements  which  the  com¬ 
mittee  will  consider.  The  cornmitice— 
one  of  eight  resources  commit!'  es — 
will  prepare  a  paper  which  will  out¬ 
line  the  main  issues  around  whicn  dis¬ 
cussion  should  center  at  the  Dec<  nber 
conference. 

New  York  State  Short  Courses 

The  New  York  State  Colic..:'  of 
Forestry,  Syracuse,  N.  Y.  ha-  an¬ 
nounced  the  following  tentative  --  hed- 
ule  of  Wood  Industry  Short  Courses 
for  the  next  twelve  months: 

Furniture  Production  and  Indus¬ 
trial  Relations  Conference — 1  > 
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NOVEMBER,  1953 


held  at  the  College  of  Forestry  in  co¬ 
opt  ation  with  the  National  Associa¬ 
tion  of  Furniture  Manufacturers,  No- 
ven.ber  12  and  13,  1953.  Course  fee 
|15.  Limited  to  100  men. 

Quality  Control  in  the  Wood  In¬ 
dustry — To  be  held  at  the  College 
December  7th  to  11th  inclusive. 
Course  fee  $50.  Limited  to  15  men. 

W'ood  Gluing — To  be  held  at  the 
College  February  1  to  5  inclusive. 
Course  fee  $75.  Limited  to  10  men. 

Retail  Lumber  Dealers  Short 
Course — To  be  held  at  the  College 
February  15  to  March  18,  1954. 

Hardwood  Lumber  Grading — To 
be  held  at  the  College  March  22  to 
26,  1954.  If  necessary  a  second  ses¬ 
sion  will  be  held  March  29  to  April  2, 
1954.  Course  fee  $35.  Each  session 
limited  to  20  men. 

Properties  and  Characteristics  of 
Wood — To  be  held  at  the  College 
April  12  to  16,  1954.  Course  fee  $75. 
Limited  to  1 5  men. 

Dry  Kiln  Operation — To  be  held 
at  the  college  May  3  to  8,  1954. 
Course  fee  $75.  Limited  to  20  men. 

Care  and  Maintenance  of  Car¬ 
bide-Tipped  Cutting  Tools — To  be 
held  at  the  College  June  14  to  18, 
1954.  Course  fee  $75.  Limited  to  12 
men. 

Small  Sawmill  Training  School — 
A  2 -day  session  to  be  held  at  sawmills 
in  the  Adirondac,  Southeastern  and 
Southwestern  regions  of  the  state. 
Three  sessions  to  be  held  in  August 
or  September  1954.  Course  fee  $10. 

These  courses  are  in  addition  to 
the  Jamestown  Furniture  Institute, 
which  includes  two  meetings  per 
month  from  September,  1953  to  May 
1954. 

Detailed  information  on  the  above 
courses  may  be  obtained  by  writing 
to  the  New  York  State  College  of 
Forestry,  Syracuse. 

50  Years  Old 

The  School  of  Natural  Resources, 
University  of  Michigan,  Ann  Arbor, 
celebrated  the  50th  anniversary  of 
professional  instruction  in  Forestry  on 
October  1,  2  and  3.  The  event  in¬ 
cluded  awarding  of  honorary  degrees, 
a  review  of  the  status  and  program  of 
the  scliool,  and  field  trips  to  the  Sagi¬ 
naw  and  Stinchfield  Experimental 
Forests. 

Prefab  House  Magazine  Introduced 

StarUng  with  the  September  issue, 
the  Prefabricated  Home  Manufactur¬ 
ers’  Institute  has  commenced  publica¬ 
tion  uf  "PF — the  Magazine  of  Pre¬ 
fabric  cion.”  Harry  H.  Steidle  of  the 
Institi  e,  reports  that  the  magazine  is 
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planned  to  present  material  of  vital 
interest  to  home  builders,  realtors, 
mortgage  lenders,  material  and  equip¬ 
ment  manufacturers,  housing  officials 
and  others  seeking  information  on 
prefabricated  houses  and  the  oppor¬ 
tunities  in  this  field. 

Virginia  Poly  Installs  New 
Weighting  Unit 

The  newest  type  universal  testing 
machine  with  a  double  torque-bar 
weighting  unit  has  recently  been  in¬ 
stalled  in  the  Wood  Research  Labora¬ 
tory  of  Virginia  Polytechnic  Institute, 
Blacksburg,  Virginia.  According  to 
George  Stern,  Research  Professor,  the 
electronically  controlled  machine, 
which  has  a  capacity  of  10,000  pounds 
and  a  sensitivity  of  one-tenth  pound, 
will  be  used  for  research  on  the  fas¬ 
tening  of  wood,  particularly  with  nails 
and  staples. 

Specimen  Woods 

No.  26  in  the  series  of  specimen 
woods  being  published  by  Chester  B. 
Stem  Co.,  New  Albany,  Ind.,  pictures 
European  Oak  (Burr)  in  full  color 
and  gives  interesting  information  on 
growth  characteristics  and  uses.  Vari¬ 
ous  issues  in  this  series  should  be 
requested  direct  from  Chester  B.  Stem 
Co. 

Incorrect  Title  Listed 

In  last  month’s  bouquet  to  Verne 
Bergquist,  for  his  outstanding  job  as 
membership  chairman  of  the  FPRS 
Midwest  Section,  his  company  affilia¬ 
tion  was  inadvertently  given  as  sales 
manager,  Reichhold  Chemicals,  Inc. 
Verne,  modest  as  he  is  hard  working, 
tells  us  his  correct  title  is  District  Sales 
Manager,  Adhesives  Division  for  the 
Midwest  Division,  with  headquarters 
in  Chicago.  E.  A.  (Gene)  Terray  is 
Sales  Manager  of  the  Adhesives  Divi¬ 
sion  with  offices  in  New  York  City. 

Wood  Stacking  Conveyors 

Link-Belt  News,  October,  1953, 
carries  a  brief  article  on  wood  stacking 
conveyors  operated  by  fluid  drives. 
Pictures  and  text  illustrate  operations. 
Further  details  are  available  in  28-page 
Link-Belt  Fluid  Drive  Book  No.  2485, 
available  from  Link-Belt  Co.,  307  N. 
Michigan  Ave.,  Chicago  1,  Ill. 

Notional  Homes  Opens  New 
Research  Department 

Enroute  to  the  Ohio  Valley  Section 
meeting  on  October  9th,  the  executive 
secretary,  Frank  J.  Rovsek,  and  his 
assistant,  Robert  N.  Smith,  visited 
National  Homes,  Inc.  at  Lafayette,  In¬ 
diana.  National  Homes  is  the  biggest 
builder  of  prefabricated  houses  in  the 
U.  S. 


While  there,  they  had  the  pleasure 
of  speaking  to  one  of  the  founders, 
Mr.  George  Price,  vice-president.  A 
new  research  department  has  been  set 
up  in  the  company  it  was  learned  from 
Mr.  Price.  Mr.  Willard  Worth,  for¬ 
merly  of  the  Small  Homes  Council  of 
the  University  of  Illinois  has  been 
named  head  of  the  department. 

The  National  Homes  company  was 
started  in  1940  by  the  two  Price 
brothers.  Mr.  James  Price,  president, 
and  George  Price,  vice-president  bor¬ 
rowed  $12,000  in  order  to  get  started. 
Since  then  their  company  has  expanded 
into  two  large  plants,  one  at  Lafayette 
and  another  at  Horseheads,  New  York. 
They  currently  have  a  total  combined 
daily  production  of  80  houses. 

FPRS  is  well  represented  among 
prefab  builders  with  Gunnison  Homes, 
Inc.  of  Harrisburg,  Penna.  and  the 
House  Division  of  Harnischfeger  Cor¬ 
poration,  Port  Washington,  Wis.  hold¬ 
ing  current  supporting  memberships. 

SECTION  NEWS 

Georgia— Alabama— Florida 
Section  Studies  Chemical  Utilization 

At  its  annual  meeting  October  30- 
31,  at  Albany,  Ga.,  members  and 
guests  of  the  Florida-Georgia-Ala- 
bama  section  investigated  the  prob¬ 
lems  and  future  of  "Chemical  Utili¬ 
zation  of  Southern  Hardwoods”  under 
the  chairmanship  of  D.  B.  Richards, 
Alabama  Polytechnic  Institute, 
Auburn. 

Harold  L.  Jones,  International  Pa¬ 
per  Co.,  Mobile,  Ala.,  described  some 
analytical  research  methods  that  can 
be  employed  in  chemical  utilization  of 
wood.  One  hew  tool  is  a  spectro- 
photo  method  for  isolating  lignun 
from  cellulose  and  other  compounds. 

Dr.  Edward  Locke,  Forest  Products 
Laboratory,  Madison,  Wis.,  outlined 
some  new  techniques  and  processes  for 
chemical  utilization  of  low  grade 
woods.  He  emphasized  the  increas¬ 
ingly  important  part  which  combina¬ 
tions  of  paper  and  wood  promise  to 
take. 

In  forecasting  probable  products  to 
be  developed  on  a  commercial  scale, 
he  mentioned  low  grade  lumber  cov¬ 
ered  with  paper  overlay  resulting  in 
a  product  superior  in  many  respects 
to  higher  grades  of  lumber.  In  the 
veneer  industry,'  he  feels  that  wt  are 
not  making  best  utilization  of  low 
and  high  grade  logs.  He  cited  three 
firms  who  are  using  low  grade  veneers 
in  combination  with  kraft  paper  to 
produce  superior  material  for  pack¬ 
aging.  Other  examples  of  utilization 
include  laminated  lumber  for  siding, 
stepping  and  structural  purposes. 
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One  of  the  major  problems  of  wood 
as  an  engineered  material  is  dimen¬ 
sional  stabilization.  Locke  reported 
that  the  Forest  Products  Laboratory 
has  developed  two  methods  for  re¬ 
ducing  shrinkage  and  swelling  by  as 
much  as  60  percent.  He  cited  one 
company  which  increased  its  produc¬ 
tion  of  tooling  jigs  and  dies  400  per¬ 
cent  ovef  steel  by  using  stabilized 
wood. 

The  new  double  diffusion  process 
recently  announced  by  the  Laboratory 
for  small-scale,  non-pressure  treatment 
of  green  posts  and  lumber  should 
hev  application  in  areas  where  pres¬ 
sure  treating  plants  are  not  conven¬ 
iently  located,  Locke  said. 

He  noted  that  all  wood  residues 
can  be  classified  as  chippable  or  non- 
chippable.  The  former  may  be  used 
for  any  type  of  chemical  utilization; 
the  latter,  principally  sawdust  and 
shavings,  can  only  be  used  at  present 
for  low-grad**  uses  such  as  mulch  and 
fuel. 

Locke  pointed  to  the  increasing  im¬ 
portance  of  the  wood  particle  board 
industry,  including  a  range  of  prod¬ 
ucts  from  extruded  moldings  to  course 
chipcore. 

On  the  chemical  side,  the  principal 
marketable  portion  of  wood  waste  is 
cellulose,  the  backbone  of  our  rayon 
and  other  synthetic  industries,  Locke 
said.  There  is  also  a  bright  future  for 
furfural  from  hardwoods.  Present 
market  price  is  nine  cents  per  pound 
and  three  companies  are  now  produc¬ 
ing.  One  plant  is  producing  tortilla 
yeast  and  another  two  and  half  mil¬ 
lion  dollar  plant  is  under  construction. 

In  concluding,  Locke  pointed  out 
that  "Chemical  utilization  is  an  ex¬ 
pensive  and  long  range  project  which, 
for  eventual  success,  in  a  wood  indus¬ 
try  made  up  of  thousands  of  small 
producers,  may  require  pooling  of  re¬ 
sources  by  interested  integrated  manu¬ 
facturers.” 

Comments  and  Questions 

Reavis  Sproull;  In  other  words, 
chemical  utilization  is  not  "a  get  rich 
quick”  scheme. 

Walter  Buehler:  Although  simple, 
the  double  diffusion  process  will  not 
be  used  by  peckerwood  operators  in 
the  South. 

Walter  Smith;  I  can  visualize  con¬ 
centration  yards  adopting  it. 

J.  Green wald:  Is  it  practical  to  de¬ 
bark  edgings  and  chips  ? 

Locke;  I  know  of  one  West  Coast 
company  which  trucks  edgings  and 
ichips  from  a  fifty  mile  radius,  per¬ 
forms  the  barking  and  chipping  opera¬ 
tions,  and  then  hauls  the  material  125 
miles  to  a  pulp  mill,  and  at  a  profit. 

J.  Green  wald;  Is  there  any  method 
for  separating  chips  and  barks  after 
barking? 


Locke;  Yes,  using  the  aeration  prin¬ 
ciple.  But  chips  and  bark  must  be  dry. 

4: 

Reavis  Sproull,  Herty  Foundation, 
Savannah,  Ga.,  presented  a  progress 
report  indicating  that  newsprint  may 
be  commercially  produced  from  culled 
hardwoods,  of  which  there  are  20  mil¬ 
lion  acres  in  the  South.  He  cited  sta¬ 
tistics  to  show  the  immense  promise 
of  this  form  of  utilization.  U.  S.  used 
6  million  tons  of  newsprint  in  1952, 
of  which  79  percent  came  from  Can¬ 
ada.  Of  U.  S.  production,  the  South 
produces  300,000  tons  while  it  con¬ 
sumes  over  one  million  tons. 

At  Herty  Foundation,  Sproull  said, 
experiments  have  centered  around  the 
grinding  characteristics,  power  re¬ 
quirements  and  yields  from  assorted 
hardwoods.  They  have  come  up  with 
a  combination  paper  of  40  percent 
gum,  40  percent  oak  and  20  percent 
blended  Southern  Kraft,  which  has 
good  strength,  brightness  and  printing 
characteristics. 

"In  groundwood  applications,” 
Sproull  said,  "we  should  be  using  our 
lower  quality  woods,  and  conserving 
our  higher  quality  logs  for  high  grade 
applications.” 

Ed  Locke;  What  were  your  yields? 

Sproull;  An  acceptable  85  percent 
for  mixed  red  and  white  oak  com¬ 
pared  to  94  percent  for  Southern  pine. 

Question ;  How  about  Palm  Cy¬ 
press,  a  Florida  species  ? 

Sproull;  We  ran  tests  successfully 
on  South  American  Cypress. 

Locke;  How  do  the  economics  look? 

Sproull;  Assuming  you  purchase 
cull  wood  at  half  the  price  of  pine, 
the  operation  should  be  successful. 

*  ♦  * 

J.  B.  Huffman,  School  of  Forestry, 
Gainsville,  Florida,  demonstrated  some 
new  and  unusual  applications  of 
wood,  proving  once  again  its  high  de¬ 
gree  of  versatility  and  the  inexhausti¬ 
ble  range  of  applications  to  which  it 
can  be  put. 

Huffman  classified  all  wood  prod¬ 
ucts  as  follows;  Natural  state,  such  as 
lumber  and  dimension;  special  cut, 
such  as  veneer,  shingles  and  matches; 
glued,  laminated  and  other  combina¬ 
tions  including  wood  particle  board; 
treated  wood,  repellant  and  stabilized; 
and  film  coated,  referring  to  new  met- 
alized  coatings,  resin  coated,  and  so 
forth. 

He  emphasized  that  if  the  wood 
industry  would  tell  the  story  of  the 
above  wide  range  of  uses  of  wood  to 
the  public  it  would  not  have  to  take 
back  seat  to  other  materials. 

*  *  * 

George  Scofield,  Raynoier,  Inc, 
Fernandine,  Fla.,  discussed  wood  as  a 
fiber,  pointing  out  three  broad  fields 


of  use;  as  cellulose,  in  paper-making, 
and  in  building  and  hardboards.  Of 
all  fibers,  natural  and  man  made,  rayon 
ranks  second  to  cotton,  and  90  per¬ 
cent  of  rayon  comes  from  wood  cel¬ 
lulose.  Production  has  increased  from 
100,000  tons  in  1930  to  12  million  in 
1950.  Principal  uses  today  are  for 
tires,  washable  rayons  and  blends  for 
summer  clothing.  Coming  develop¬ 
ments  in  the  rayon  field  include 
stronger  fibers,  low-cost  rugs  and  ar- 
pets,  and  expanded  foreign  markets. 

Walter  Smith;  We  have  much  to 
find  out  about  cellulose  fibers  before 
we  can  profitably  use  wastes  for  pro¬ 
duction.  We  need  fundamental  re¬ 
search  on  fiber  properties.  We  are 
spending  only  one  tenth  of  one  er- 
cent  of  gross  product  value  for  re¬ 
search  and  can’t  expect  all  the  an¬ 
swers  spending  only  that  amt  int. 
Metals  industry,  by  contrast,  is  sp^  nd- 
ing  four  or  five  percent. 

Other  speakers  on  the  progran  in¬ 
cluded  Moss  B.  Christian,  Chuago 
Mill  and  Lumber  Co.,  Tallulah,  La.; 
Julian  McGowin,  W.  T.  Smith  I  am¬ 
ber  Co.,  Chapman,  Ala.;  E.  L.  Pa'ton, 
Naval  Stores  Station,  Olustee,  Fla.; 
and  Nathan  Sugarman,  Georgia  T  ch., 
Atlanta,  Ga. 

Section  officers  re-elected  for  am  ther 
term  include,  in  addition  to  Sproull, 
D.  B.  Richards,  vice-chairman,  .Ala¬ 
bama  Polytechnic  Institute;  C.  M. 
Kaufman,  secretary.  University  of 
Florida;  Bruce  Anderson,  membership 
chairman,  Atlanta.  Section  trustees  in¬ 
clude  Harley  Langdale,  Jr.,  Valdosta, 
Ga.;  Julia  McGowin,  Chapman,  Ala.; 
and  J.  A.  Greenwald,  Jr.,  Tampa,  Fla. 

Ohio  Valley  Section  Meets 
at  Baldwin  Piano  Plant 

Fifty  members  and  guests  at  the  fall 
meeting  of  the  Ohio  Valley  Section, 
at  Cincinnati,  Ohio,  heard  Lucien 
Wulsin,  President  of  Baldwin  Piano 
Co.,  host  plant  for  the  meeting  and  an 
FPRS  Supporting  Member,  empiiasize 
"How  much  research  are  you  doing?' 
Mr.  Wulsin  pointed  out  that  when 
dealing  with  wood  as  a  raw  m.iterial 
there  are  many  more  problems  than 
with  metal.  These  problems  arise  from 
the  vast  variation  in  species  and  char¬ 
acteristics.  Baldwin,  Mr.  Wulsin  said, 
has  long  had  the  tradition,  unch.  nged 
to  this  day,  that  wood  is  the  he  :rt  of 
the  piano.  His  company  maint.i.ns  a 
complete  research  laboratory  tha  con¬ 
stantly  examines  every  new  de  elop- 
ment,  every  new  material  and  ibsti- 
tute.  Wood,  however,  is  still  i  mda- 
mental. 

Charles  Kreider,  Elmendori  Re¬ 
search,  Inc.,  Chicago,  explaine  1  the 
marketing  story  behind  Weyer  .aeus- 
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er’s  "Ply- Veneer”,  which  utilizes  pa¬ 
per  faced,  lower  grades  of  veneer  for 
pai  :aging  material. 

'V.  K.  Schlegel  asked  about  manu- 
faciuring  techniques. 

Kreider:  The  process  is  continuous, 
usi rollers. 

h.  H.  Thielges;  In  comparison  with 
coivv  cntional  packaging  materials  what 
art  the  weight  limitations  that  can  be 
sus.ained?  Can  the  load  be  increased? 

Kreider:  Yes.  Weyerhaeuser  has 
tables  which  will  give  you  this  infor¬ 
ma,  ion. 

I).  B.  Frampton,  Jr.:  Does  Ply- 
Veneer,  lend  itself  to  packaging  high 
mo'.sture  content  products,  where  cor- 
rug.ited  will  not  stand  up? 

Kreider:  In  general,  yes.  However, 
as  moisture  content  increases  load  falls 
off  sharply.  See  FPRS  paper  presented 
at  Memphis  meeting. 

SLhlegel:  How  does  it  differ  from 
Cra veneer  ? 

Kreider:  1)  Veneer  core  is  of  dif¬ 
ferent  species.  2)  Craveneer  core  is 
not  mechanically  distended — whereas 
Ply-veneer  is  slit  by  knives  and  dis¬ 
tending  is  five  to  ten  percent.  3)  Ply- 
veneer  is  made  by  the  wet  process. 

John  Devine:  One  problem  encoun¬ 
tered  with  corrugated  is  swell  and 
bulge.  Sheets  come  in  at  4-5  percent 
moisture  content.  They  are  applied  to 
slats  and  come  into  equilibrium  at  12 
percent.  Will  Plyveneer  overcome  this  ? 


Kreider:  Plyveneer  would  tend 'to 
bulge  less. 

Bob  Winterman:  How  does  a  box, 
say  4  X  4  X  2  feet,  carrying  90-120 
pounds  compare  to  the  ordinary  nailed 
wooden  box  for  re-use? 

Kreider:  Kraft  Cheese  and  General 
Motors  have  been  using  Plyveneer 
boxes  for  two  years  and  the  number  of 
re-uses  has  exceeded  anything  here¬ 
tofore. 

G.  F.  Kretschener:  For  shipping 
veneer  samples,  how  would  it  com¬ 
pare  in  weight  to  double  paper? 

Kreider:  Its  strength  is  .3  of  a 
pound  per  square  foot. 

Kreider  explained  that  Weyer¬ 
haeuser  is  going  to  fabricate  boxes  dn 
carload  shipments,  and  will  also  sell 
4x8  foot  panels  to  local  fabricators. 

*  4: 

Claude  Drake  presented  further  evi¬ 
dence  and  case  histories  of  the  econo¬ 
mies  possible  on  the  wood  field  with 
the  use  of  tungsten  carbides. 

*  *  * 

Robert  Dosker,  Gamble  Bros., 
Louisville,  Ky.,  challenged  the  wood 
industry  to  spend  money  for  research 
at  a  rate  comparable  with  the  amounts 
spent  by  competing  industries.  He 
noted  that  gains  made  in  the  plastics 
and  metals  industries  in  wood  markets 
have  been  made  by  creative  research. 
(See  text  of  Dosker  paper  on  page  5.) 


Officers  elected  at  the  annual  busi¬ 
ness  session  included  Carl  Tr inkle, 
Baldwin  Piano  Co.,  chairman;  D.  B. 
Frampton,  Jr.,  D.  B.  Frampton  Co., 
Columbus,  Ohio,  vice-chairman;  Row¬ 
land  M.  Garrett,  Gamble  Bros.,  Louis¬ 
ville,  secretary;  and  Russell  W.  Green, 
Union  Furniture  Co.,  Batesville,  Ind., 
treasurer.  Trustees  elected  include  Wil¬ 
liam  LaKamp,  Baldwin  Piano  Co., 
and  Robert  M.  Foot,  Chester  B.  Stem 
Co.,  New  Albany,  Ind. 

Southern  California  Section 
Discusses  Veneer  Problems 

Thirty-six  members  and  guests  of 
the  Pacific  Southwest  Section,  meeting 
October  21  at  Los  Angeles,  viewed  a 
film  on  veneer  production  presented 
by  Les  Clark  of  Allied  Veneer  Co., 
and  heard  Arthur  Koehler,  formerly 
of  Forest  Products  Laboratory,  Mad¬ 
ison,  Wis.,  discuss  research  problems 
pertaining  to  veneer  manufacture. 
Group  discussion  brought  out  the 
need  for  further  research  effort  in  this 
field. 

It  was  reported  that  the  Section’s 
Wood  Waste  study  is  now  beyond 
the  preliminary  stage.  A  complete 
report  is  expected  by  the  spring  meet¬ 
ing  in  May,  1954.  The  next  regular 
Section  meeting  is  scheduled  for 
February  10,  1954.  It  will  cover  vari¬ 
ous  phases  of  moisture  and  wood. 


WOOD  PRESERVATIVES 


for  every  parptaa 


•  DECAY! 

•  STAIN! 

•  TERMITES! 

•  MOISTURE! 


SALES  AGENTS 

MONSANTO  CHEMICAL  CO. 
SANTOPHEN  20  (Pentachloiophanol) 

WYANDOTTE  CHEMICAL  CO. 
NOXTANE  (Sap  Stain) 

EFURD  MACHINE  &  WELDING  CO. 
HURRICANE 

Paolars.  FiameiB,  Trams,  ate. 
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The  following  officers  were  elected 
for  the  1953-54  year:  John  R.  Barnes, 
Chairman,  Moisture  Register  Co.,  Al¬ 
hambra;  Arthur  Koehler,  Vice-Chair¬ 
man,  Los  Angeles;  Axel  V.  Pederson, 
Secretary,  Los  Angeles;  and  Hal  E. 
Jones  and  Edward  Feldman,  Co. 
Treasurers,  both  of  Los  Angeles. 

Pacific  Northwest  Section  Studies 
Navy  Applications  of  Wood 

The  October  13  meeting  of  the 
Pacific  Northwest  Section  was  held  at 
Bremerton,  Washington,  where  mem¬ 
bers  and  guests  were  taken  on  a 
mornmg-long  tour  of  the  Puget  Sound 
Naval  Shipyard.  The  tour  included  an 
inspection  of  the  Navy’s  method  for 
laminating  teak  to  Douglas  Fir  for 
carrier  decking,  and  a  visit  to  the 
molded  boat  shop  to  observe  the  mate¬ 
rials  and  methods  used  in  building  12 
foot  molded  boats.  Also  seen  by  the 
group  were  the  metallurgical,  chemical 
and  wood  quality  control  laboratories, 
and  the  minesweeper  dry  dock,  where 
two  non-magnetic  wood  minesweepers, 
one  with  laminated  fir  frames  and  the 
other  with  solid  and  laminated  oak 
frames,  were  under  construction.  The 
tour  concluded  with  a  bus  trip  along 
the  water  front  and  dry  docks  where 
carriers  and  other  naval  vessels  were 
being  overhauled. 

At  a  buffet  luncheon,  R.  E.  John¬ 
son,  president  of  the  National  Associ¬ 
ation  of  Naval  Technical  Supervisors, 
which  sponsored  the  Section’s  visit, 
was  the  speaker,  describing  the  work 
of  his  group. 

Five  papers  presented  at  the  after¬ 
noon  technical  session  stimulated  many 
questions.  Dr.  Eugene  D.  Farley, 
patent  attorney,  Portland,  Ore.,  gave 
detailed  advice  on  keeping  proper  re¬ 
search  records  in  event  patentable  in¬ 
ventions  are  made.  Rollo  F.  England, 
Associate  Technologist,  Research  Lab¬ 
oratory,  Puget  Sound  Naval  Shipyard, 
described  efforts  of  his  organization  in 
setting  up  a  quality  control  program  at 
the  outset  of  the  wood  minesweeper 
program.  Methods  of  control  and  mili¬ 
tary  specifications  for  this  work  were 
discussed. 

Dr.  Ben  S.  Bryant,  Associate  Pro¬ 
fessor,  College  of  Forestry,  U.  of 
Washington,  and  Russell  K.  Stensrud, 
Wood  Technologist,  Reichhold  Chem¬ 
ical,  Inc.,  Seattle,  described  a  recently 
completed  study  on  the  gluability  of 
heart  and  sap  veneers  obtained  from 
trees  cut  in  the  same  area.  Various 
factors  affecting  glue  bond  quality 
were  explained. 

Harvey  D.  Erickson,  also  of  the  U. 
of  Washington,  discussed  recent  work 
of  his  covering  tangential  shrinkage 
of  serial  increments  within  annual 
rings  of  Douglas  fir  and  western  red 


cedar.  Dr.  Erickson  also  explained  a 
new  method  for  obtaining  shrinkage 
values  for  thin  sections  of  wood  from 
within  individual  annual  rings. 

Robert  D.  Graham,  in  charge. 
Wood  Preservation,  Oregon  Forest 
Products  Laboratory,  Corvallis,  de¬ 
scribed  a  study  which  indicates  that 
tanoak  has  potentialities  for  use  as 
cross  ties  and  in  shipbuilding.  Pres¬ 
ently  the  wood  is  left  to  decay  on  the 
ground  after  tannen  is  extracted  from 
the  bark. 

Featured  dinner  speaker  was  CDR. 
D.  A.  Ball,  U.S.N.,  Design  Superin¬ 
tendent,  Puget  Sound  Naval  Shipyard. 
He  spoke  on  uses  to  which  wood  is 
applied  by  the  Navy  at  the  Shipyard. 

Attendance  at  the  meeting  was  over 
100.  The  annual  meeting  with  election 
of  officers  will  be  held  early  in  Feb¬ 
ruary  at  Portland,  Ore. 

Upper  Mississippi  Valley  Section 
Studies  Wood  Buying,  Log  Barking 

Meeting  October  6  the  Spaulding 
hotel,  Duluth,  Minn.,  90  members  and 
guests  of  the  Upper  Mississippi  Valley 
Section  centered  their  attention  on  the 
roblems  and  benefits  of  buying  wood 
y  weight,  and  discussed  via  panel 
presentation  and  floor  discussion  the 
current  availability  and  effectiveness 
of  barkers  available  in  the  area. 

Harold  Olson,  Wood  Conversion 
Co.,  Cloquet,  Minn.,  kicked  off  the 
morning  technical  session  with  a  paper 
entitled  "Buying  Wood  by  Weight’’, 
in  which  he  thought  a  good  deal  of 
preliminary  research  was  necessary  to 
determine  weight-price  ratios  that  were 
suitable  to  all  concerned.  Once  agreed 
upon,  however,  Olson  indicated  buy¬ 
ing  wood  by  weight  almost  by  magic 
eliminated  most  of  the  traditional 
points  of  friction  between  buyer  and 
seller. 

Pointing  out  buying  by  the  cord  has 
always  penalized  the  honest  seller 


while  tempting  others  to  load  in  all 
the  rotten  and  wormy  wood  the  traffic 
would  bear,  Olson  says  the  trend  is 
now  completely  reversed.  It  isn’t  worth 
the  haul  to  truck  in  light-weight  wood. 
In  addition,  the  seller  has  an  accurate 
accounting  through  the  weigh  slips  of 
exactly  what  he  has  delivered.  Olson 
said  that  once  sellers  had  tried  the  by 
weight”  method  they  never  wanted  to 
return  to  old  volume  method. 

In  the  discussion  period,  Maurice 
Opsahl,  Superior  Wood  Products  Co., 
Duluth,  said  his  company  is  using  the 
same  method.  He  noted  that  there  .as 
never  any  question  on  scale.  Trucl,  is 
weighed  loaded  incoming  and  weighed 
empty.  His  company  scaler  sets  as  de 
any  unusable  wood  in  the  load  "nd 
this  is  weighed  out  with  the  em  sty 
truck.  Opsahl  noted  that  after  ne 
such  experience,  truckers  left  the  p  >or 
material  in  the  woods. 

Ray  Jensen,  U.  of  Minnesota,  cm- 
mented  that  their  weight- voli.iTie 
studies  checked  out  closely  with  those 
made  by  Wood  Conversion.  He  ...lid 
studies  had  been  made  to  see  if  nd 
coating  would  help  maintain  wei:;ht 
when  logs  were  left  in  the  woiids. 
Conclusion  was  that  the  only  wa)  to 
maintain  weight  was  to  deliver  it  im¬ 
mediately  after  cutting. 

Jensen  also  pointed  out  that  W')od 
has  higher  moisture  content,  henco  is 
heavier.  Olson  indicated  their  weight- 
price  ratio  pretty  well  took  care  of 
such  variations. 

Dr.  Frank  Kaufert,  U.  of  Minne¬ 
sota,  asked  if  buying  by  weight  had 
been  tried  with  Jack  Pine.  Olson  said 
sellers  had  requested  his  company  to 
buy  jack  pine  by  weight,  but  that  a 
great  deal  more  research  was  needed 
to  come  up  with  proper  weight-price 
ratios.  He  pointed  out  that  jack  pine 
varies  widely  in  weight  to  volume  and 
that  his  company  did  not  currently  feel 
justified  in  picking  arbitrary  price 
figures. 

In  response  to  a  question  about 
snow  and  ice  clinging  to  the  logs, 


Newly  elected  officers  of  the  Upper  Mississippi  Valley  Section  ore:  Ortie  laVoy, 
Weyerhaeuser  Soles  Co.,  St.  Paul,  Secretory;  William  A.  Kiuender,  Chicago  and  North¬ 
western  Ry.,  St.  Paul,  Chairman;  Fred  Loveland,  Fred  Loveland  and  Associates,  Chippewa 
Falls,  Wis.,  Vice-Chairman;  and  Henry  Crandall,  Masinee  Paper  Mills  Co.,  Mosinee.  Wis. 
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Look  for  These  6  Signs 
of  Good  Motor  Design 


STATOR  —  MwtHnU  d>pp»d, 
bak«d  afl»r  •vary  KwiMt 
«l»  t«««h  pratactiaa  •••iMe 
haot,  maUtwra,  eorroaian. 


MARINOS  —  Doabk  iiiiakk4, 
wMi  aravUaii  for  iiMarviea  fo> 
bricaHaw  if  daiiiad.  WM  raa  for 
laas  pariarft  wMiawt  attaatiaa 


MJIffOR  Dia  cnf  shiaiiaaM 
for  aMxlMaw  rtrawHi.  Pracl^ 


Horn  daBMnd  H.  Tharo««bly 


CONDUIT  SOX  —  >ravMas 
plaaly  af  raaia  to  caaaacf  lao^t. 
AJ|ai>Bhli  toaay  potttiaB.iow 
la^  BMka  caaaaatiaa  a«y. 


VIWmATlON  —  Drip^aat 
wHb  plaaty  af  latoraal  ak  eto 
calatiaii  to  pravaat  bat  waH. 


Certified  Service  >-  Nearly  100  Allis-Chalmers  Certified 
Service  Shops  provide  factory-approved  parts  and  service 
on  your  Allis-Chalmers  motors.  Screened  for  modern  equip¬ 
ment,  adequate  experience  and  business  integrity,  these  in¬ 
dependently  owned  service  shops  will  provide  you  with 
prompt,  economical  repair  and  maintenance. 

Complete  Drives  from  One  Source  —  Allis-Chalmers  can 
supply  your  complete  drive  —  motor,  control  and  Texrope 
V-belt  drive  —  from  one  convenient,  reliable  source. 
Application  Engineering  —  Your  Allis-Chalmers  District 
Office  representative  or  Authorized  Dealer  will  be  glad  to 
help  you  select  exactly  the  right  motors  for  your  needs. 
For  additional  information,  write  Allis-Chalmers,  Milwau¬ 
kee  1,  Wisconsin,  for  Bulletin  51B6052. 

Tsxrep*  It  an  Allli-Chalniart  trodamark.  ^ 


Applied 


Serviced 


by  Allit-Cholmert  Authorized  Diitribulori, 
Certified  Service  Shops  end  Soles  Offices 
throughout  the  country. 


CONTROL  —  Manual, 
magnetic  and  combina¬ 
tion  starters;  push  but¬ 
ton  stations  and  compo¬ 
nents  for  comploto  con¬ 
trol  syslomt. 


TEXROPE  V  bolls  in 
all  sizes  and  sections, 
standard  and  Vari- 
PUeh  sheaves,  speed 
changers. 


PUMPS  —  Integral 
typos  from  Vs  in. 
to  72  In.  discharge 
and  up. 


Olson  indicated  this  was  not  a  prob¬ 
lem.  On  the  few  days  when  ice  might 
stick,  it  was  mostly  on  the  truck. 

Lee  W.  Hooker,  Michigan  College 
of  Mining  and  Technology,  Hough¬ 
ton,  Mich.,  led  the  discussion  on  de¬ 
barker.  In  introducing  the  various 
panel  members,  he  indicated  that  much 
fundamental  knowledge  about  barking 
remains  to  be  discovered,  including 
how  the  bark  is  attached  to  the  tree. 

Messrs.  Dillingham  of  Soderhamm 
Machine  Co.,  Keeper  of  Nekoosa- 
Ed wards.  Paper  Co.,  and  Salter  of  Con¬ 
solidated  Water  Power  and  Paper  Co., 
and  Howe  of  Wood  Treating  Chem¬ 
icals  Corp.  related  briefly  their  experi¬ 
ences  as  manufacturers  or  users  of 
various  debarking  machines.  Salter  in 
particular  noted  as  a  user  that  present 
debarkers  require  considerable  mainte¬ 
nance  work. 

Fred  Loveland,  Loveland  Associates, 
inquired  about  crew  size,  operating 
costs,  and  adaptability  to  northern 
hardwoods  of  Anderson  barker. 

Dillingham:  One  man  is  required 
to  operate  machine.  No  operating  cost 
figures.  Machine  operates  successfully 
with  northern  harclwoods. 

Howe  noted  that  with  his  company’s 
Peppy  peeler,  perimeter  area  is  factor 
controlling  amount  of  wood  peeled. 
He  noted  excessive  wood  loss  can  re¬ 


sult  from  lack  of  control  to  follow 
rough  stick. 

E.  L.  Knoke,  Knoke  Forest  Prod¬ 
ucts  Co.,  Wild  Rose,  Wis.:  What  re¬ 
sults  has  Mr.  Howe  had  peeling  hard¬ 
wood  piling. 

Howe:  Our  Hurricane  machine  is 
used  for  piling  with  good  results. 
Costs  run  from  %  to  %  cents  per 
lineal  foot  on  posts,  pulpwood  and 
mine  timbers,  and  up  %  cents  on 
piling. 

Question:  What  is  wood  loss  under 
average  conditions? 

Howe:  Depends  on  operator  to 
great  extent,  but  is  quite  low. 

Hooker:  Operators  generally  feel 
satisfied  if  wood  loss  is  held  to  two 
percent. 


New  Publications 

Covers  Protect  Small  Trees  from 
Weed  Sprays.  No.  79.  Describes  and 
pictures  paper  cone  that  can  be  used 
in  experimental  areas  to  protect  small 
trees  during  period  when  herbicides 
are  used  to  control  weeds.  Available: 
Central  States  Forest  Experiment  Sta¬ 
tion,  Columbus  15,  Ohio. 


At  the  official  noon  luncheon,  Fred 
J.  Voss,  vice-president  and  chief  engi¬ 
neer  of  the  Duluth,  Missjibe  and  Iron 
Range  Railway  said  that  his  company’s 
belief  in  future  increases  in  wood 
markets  led  to  a  decision  to  build  an 
extensive  branch  to  tap  new  woods 
areas.  Numerous  companies  are  now 
shipping  logs  and  pulpwood  over  the 
new  line. 

At  a  Paul  Bunyan  Smoker  the 
evening  of  October  5,  Dana  Worrell 
of  Halverson  Trees,  Inc.,  Duluth,  ex¬ 
plained  the  growth,  harvesting  and 
preparation  problems  in  marketiiu; 
Christmas  trees  on  a  mass  production 
basis.  His  company  is  constantly  coi  - 
ducting  research  on  effect  of  water  1 1 
the  bogs  where  trees  grow  and  o  i 
methods  of  increasing  growth  througn 
pruning. 


Directory — U.  S.  Government 
Specifications  for  Wood  Produc 
Relates  in  32  pages  what  Federal  go  - 
ernment  and  its  defense  agencies  r  - 
quire  in  wood  products.  Also  sped  i- 
cations  for  manufacture  of  various 
wood  products.  Available:  Timber  En¬ 
gineering  Co.,  1319 — 18th  St.  N.  ^  , 
Washington,  D.  C. 


PENOKEE 

VENEER  COMPANY 

Manufacturers  of 

ROTARY,  SLICED  AND 
HALF-ROUND 

VENEERS 

in 

BIRCH— MAPLE— BASS^ASH— 
OAK— ELM— WHITE  PINE 


GENERAL  OFFICES 

MELLEN,  WISCONSIN 

P.  O.  BOX  110 

Teletype:  Mellen  29  Phones:  205,  3313 


f# 

DOUBLE-ARBOR 

SAW  BENCH 


Save 
money  . 
rip  and 
cross-cut 
on  one 
machine! 

This  double-duty  mochine  saves  woodworkers  valuable  time. 

A  shaftless  motor  is  built  directly  on  each  of  two  sow  arbors. 
Either  rip  sow  or  cross-cut  sow  con  be  brought  into  action 
by  turning  the  handwheel.  Table  remoins  horizontal  while  sow 
tilts  up  to  45  .  Arbors  con  be  adjusted  vertically.  Rips  up  to 
24%"  wide,  cross-cuts  up  to  36"  wide.  A  16-inch  sow 
projects  3%"  through  table.  Dadoes  up  to  4"  wide.  Cuts  o 
perfect  miter.  Most  complete  and  accurate  set  of  gauges. 

Writ*  for  Bulletin  No.  260-0 

OLIVER  MACHINERY  COMPANY 

Established  1890  GRAND  RAPIDS  2,  MICHIGAN 
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Lumber:  Know  How  to  See  It! 
Lists  books  and  other  publications  cov¬ 
eting  the  field  of  wood  use  that  are 
0’  particular  value  in  selling  lumber. 
Available:  National  Lumber  Manufac¬ 
turers  Ass’n.,  1319 — 18th  St.  N.  W., 
V  ashington,  D.  C.  Price  25  cents. 

The  following  publications  are 
a  ailable  from  Forest  Products  Labora¬ 
tory,  Madison  5,  Wis. 

Coatii^s  That  Prevent  End 
(  hecks.  Technical  Note  No.  186. 
\  arious  hot  and  cold  coatings  are  de¬ 
scribed,  along  with  application  sug¬ 
gestions.  Applications  suitable  for  use 
where  lumber  is  kiln  dried  are  in¬ 
cluded. 

Chemical  Treatment  of  Surfaces 
Improves  Joints  with  Certain  Woods 
and  Glues.  Tech.  Note  No.  232.  De¬ 
scribes  briefly  the  use  of  caustic  soda 
treatment  to  improve  strength  of  joints 
glued  with  casein  and  animal  glues. 
13  Species  thus  treated  and  glued 
with  animal  glue  showed  51  percent 
greater  average  strength  in  shear,  than 
the  untreated  joints  of  the  same  spe¬ 
cies  glued  under  starved- joint  condi¬ 
tions,  and  97  percent  more  wood  fail¬ 
ure.  Results  with  casein  glued  joints 
were  similar. 


Approximate  Air-Drying  and 
Kiln-Drying  Periods  for  1-Inch  Lum¬ 
ber,  Tech.  Note  No.  233  Table  gives 
maximum  and  minimum  air  and  kiln 
drying  times  for  variety  of  hard-  and 
softwoods.  Minimum  times  represent 
use  of  forced-air-circulation  kilns  with 
possible  sacrifice  of  quality  in  favor  of 
fast  drying.  Maximum  periods  repre¬ 
sent  extremes  that  may  be  necessary  to 
obtain  uniformly  dry,  stress-free  lum¬ 
ber. 

Wood  Preservatives.  J.  Oscar 
Blew,  Jr.  Rpt.  No.  149,  revised.  De¬ 
scribes  requirements  of  a  wood  pre¬ 
servative  and  lists  major  types  and 
variations  with  brief  notes  on  their 
development  and  effectiveness  under 
various  conditions  of  use. 

Methods  of  Applying  Wood  Pre¬ 
servatives.  Rpt.  No.  D154,  revised. 
Proper  preparation  of  wood  for  treat¬ 
ing  is  described,  included  preframing 
and  boring  where  necessary.  Various 
processes  are  described,  with  some  ad¬ 
vantages  and  limitations  being  given. 
Various  types  of  preservative  materials 
are  described  and  their  relative  merits 
briefly  suggested.  Such  matters  as 
specifications,  seasoning  after  treat¬ 
ment,  and  effect  of  treatment  on 
strength  are  discussed  briefly. 


List  of  Publication  on  Seasoning 
of  Wood.  Rpt.  No.  R446.  Labora¬ 
tory  publications  on  all  phases  of  sea¬ 
son  are  included  through  October, 
1953.  In  addition  to  material  pre¬ 
pared  directly  by  the  Laboratory,  work 
done  by  laboratory  personnel  as  re¬ 
ported  in  the  trade  press  and  tech¬ 
nical  journals  is  also  listed.  Publica¬ 
tions  are  indexer  under  a  variety  of 
headings  ranging  from  "physical  prop¬ 
erties  of  wood  as  related  to  season¬ 
ing”  to  "special  drying  methods”  and 
"shipping  and  storage  of  wood.” 

The  Sap  or  Moisture  in  Wood. 
£.  C.  Peck.  Rpt.  No.  D768.  Defines 
"sap”  and  "relative  moisture  and  con¬ 
tent.”  Various  tables  give  average 
green  moisture  content  of  wide  variety 
of  woods,  as  well  as  variations  of 
thoroughly  air-dried  wood  by  months 
for  different  regions,  percent  of  mois¬ 
ture  in  green  wood  cut  during  differ¬ 
ent  seasons.  Variations  of  percentage 
of  moisture  content  of  wood  in  houses 
is  also  shown  due  to  geographic  loca¬ 
tion  and  season,  and  due  to  position 
in  the  house. 

Seasoning  of  Dimension  Stock. 
O.  W.  Torgeson.  Rpt.  R1242.  Causes 
and  cures  of  various  defects  that  re¬ 
sult  from  the  seasoning  operation  are 


Aik  about  Micccuful  imtallationi  at  Corlotoa  Wood  Product*,  PoyoMo, 
Idaho  (Control  ponol  oiiovo)  and  BoMovuo  Dry  Klin  Co.,  Bollovuo, 
Wash.  Ibolowl . 


All  lumber  drying  problems  are  being  an¬ 
swered  with  efficiency  in  Lovsted  DIRECT-FLO 
installations.  These  units  are  without  ques¬ 
tion  the  most  efficient  kilns  in  operation. 
Reversible  circulation  with  fans  positioned 
to  create  unform  drying  with  lowest  pos¬ 
sible  power  consumption. 

Look  to  Lovsted  engineers  to  bring 
your  own  lumber  seasoning  to  effi¬ 
cient  operation. 


[.  m.  lousTED  &  CO.,  me. 

ENGINEERS  AND  MANUFACTURERS 
4000  W.  MARGINAL  WAY  ■  SEATTLE  6,  WASH. 
PHONE  AValon  4000 


CABLE  ADDRESS  LOVSTED 


PROFITS  AHEAD  .  .  .  WITH  LOVSTED 


described.  Various  defects  are  defined. 
Defects  as  found  in  stock  either  air- 
or  kiln-dried  are  described,  and  it  is 
concluded  that  properly  operated  kilns 
give  better  control  of  conditions  caus¬ 
ing  defects.  Other  suggestions  are 
given  for  reduction  of  seasoning  de¬ 
fects.  Average  of  and  probable  maxi¬ 
mum  warp,  bow,  cup  and  diamond  for 
birch,  maple  and  beech  are  shown  in 
charts. 

The  Air  Drying  of  Engelmann 
Spruce.  E.  C.  Peck.  Rpt.  R 1944-5. 
Describes,  in  detail  the  variety  of  re¬ 
quirements  from  choosing  of  site, 
preparation  of  surface,  layout,  through 
piling,  including  proper  pile  spacings, 
widths,  heights,  board  spacing,  etc., 
to  achieve  maximum  air  drying  re¬ 
sults.  Air  drying  schedules  based  on 
the  climatological  data  and  on  air¬ 
drying  data  are  given.  Supplemental 
photos  and  drawings  show  proper 
piles  and  stickering  methods. 

Kiln  Drying  of  Engelmann 
Spruce.  Raymond  C.  Rietz.  Rpt.  No. 
R 1944-6.  Describes  methods  for  sort¬ 
ing  and  piling  as  well  as  protection 
of  stock  prior  to  kiln  drying.  Drying 
schedules  are  discussed,  particularly 
as  modification  to  prevent  loss  of 
knots  in  subsequent  machining.  Proper 
storage  of  dried,  rough,  and  dressed 
lumber  is  described.  Schedules  for 
selects,  commons,  and  dimension  are 


given.  Photos  illustrate  proper  piling 
and  stickering  for  kiln  drying. 

List  of  Manufacturers  and  Dealers 
for  Log  and  Lumber  End  Coatings. 
The  list  is  admittedly  not  complete 
and  the  point  is  made  that  inclusion 
in  it  implies  no  endorsement  as  to 
quality  and  prices.  Names  will  be 
added  on  notification  to  the  Forest 
Products  Laboratory. 

Beech  for  Veneer  and  Plywood. 
H.  O.  Fleischer.  (Northeast  Tech. 
Committee  on  the  Utilization  of 
Beech.)  Describes  choosing  and  grad¬ 
ing  of  logs  for  tests  as  well  as  for 
commercial  use.  Preparation  and  heat¬ 
ing  of  logs,  cut  characteristics,  drying, 
yield,  and  use  in  plywood  are  dis¬ 
cussed.  Uses  of  beech  veneer  and  ply¬ 
wood  are  described. 

How  Growth  of  White  Pine 
Affects  Its  Properties  for  Matches. 
M.  A.  Pillow.  Rpt.  No.  D1950.  De¬ 
scribes  those  growth  characteristics  of 
white  pine  affecting  adversely  its  use 
for  matchsticks.  It  is  best  to  divert 
material  with  three  to  five  annual  rings 
per  inch  to  some  other  use  at  the 
source.  Lumber  with  less  than  eight 
annual  rings  tends  to  produce  numer¬ 
ous  weak  and  brittle  matches.  In  addi¬ 
tion,  compression  wood  in  some  inter¬ 
mediate  and  all  of  the  extreme  forms 


differ  seriously  from  normal  wood  in 
strength  and  brittleness.  Forms  to  be 
excluded  from  match  blocks  have  yel¬ 
low  to  light  tan  colors  in  contrast  to 
the  white  to  cream  color  of  normal 
white  pine.  Visual  characteristics  which 
permit  workers  to  eliminate  undesir¬ 
able  compressionwood  are  described 
and  illustrated. 

How  to  Treat  Fence  Posts  b\ 
Double  Diffusion.  Roy  H.  Baechler 
Rpt.  No.  1955.  Describes  simple 
method  for  treating  fence  posts 
Method,  called  double  diffusion,  re¬ 
quires  very  little  equipment  and  is 
relatively  inexpensive. 

Truck  Loading  Booms.  Rpt.  No 
1637-55.  Describes  two  types  o: 
booms  widely  used  on  self-loadin^i 
trucks  in  the  Lake  States,  one  bein;. 
fixed  boom,  the  other  a  gravity  swin^ 
ing  boom.  Both  types  use  a  wind 
driven  by  the  truck  motor  through  . 
power  take-off.  Review  of  ASTM  Rt 
search.  (Reprinted  from  ASTM  Bu^ 
letins.)  Reports  briefly  on  work  bein;; 
undertaken  by  numerous  ASTM  tech 
nical  committees,  several  of  which  ar, 
of  direct  interest  to  wood  manufac¬ 
turers  and  secondary  wood  users 
Available:  American  Society  for  Test¬ 
ing  Materials,  1916  Race  St.,  Phila¬ 
delphia  3,  Pa. 


DANT  &  RUSSELL,  INC 

711  EQUITABLE  BLDG. 

PORTLAND,  OREGON 


PACIFIC  COAST 
FOREST  PRODUaS 

RAH.  Am  CAR60 


McGRAW-HILL 

Forestry  and  Wood  Products 
Books  Available  Through  FPRS 

TEXTBOOK  OF  WOOD  TECHNOLOGY  —  Vol.  I  — 
Brown,  Panshin  and  Forsaith.  American  Forestry  Series. 
626  pp.,  6x9  illus.  (1949).  $7.50,  to  FPRS  members, 
$6.75. 

TEXTBOOK  OF  WOOD  TECHNOLOGY  —  Vol.  II  — 
Brown,  Panshin  and  Forsaith.  American  Forestry  Series. 
761  pp.,  6x9  illus.  (1952).  $10.00,  to  FPRS  members, 
$9.00. 

THE  MANAGEMENT  OF  FARM  WOODLANDS  — 
Guise.  American  Forestry  Series.  356  pp.  6  x  9,  82  illus. 
(1950).  $5.00,  to  FPRS  members,  $4.50. 

WOOD  PRESERVATION — new  second  edition — Hunt 
and  Garratt.  American  Forestry  Series.  405  pp.,  6x9 
illus.  (1953).  $7.50,  to  FPRS  members,  $6.75. 

FOREST  INFLUENCES — Kittredge.  American’  Forestry 
Series.  386  pp.,  6  x  9,  24  illus.  (1948).  $6.00,  to  FPRS 
members,  $5.40. 

PLYWOOD — Meyer.  Tells  what  it  is,  what  it  does.  250 
pp.,  6x9  illus.,  (1947).  $4.50,  to  FPRS  members,  $4.00. 
FOREST  PRODUCTS,  THEIR  SOURCES,  PRODUC¬ 
TION,  AND  UTILIZATION.  Panshin,  Harrar,  Baker, 
and  Proctor.  American  Forestry  Series.  549  pp.,  6x9, 
114  illus.  (1950).  $6.50,  to  FPRS  members,  $5.85. 
FORESTRY  AND  ITS  CAREER  OPPORTUNITIES— 
Shirley.  American  Forestry  Series.  467  pp.  6x9,  118 
illus.  (1952).  $6.50,  to  FPRS  members,  $5.85. 
HARVESTING  TIMBER  CROPS— Wackerman.  Ameri¬ 
can  Forestry  Series.  437  pp.,  6x9,  183  illus.  (1949). 
$6.00,  to  FPRS  members,  $5.40. 

MAIL  ORDERS  TO: 

Forest  Products  Research  Society 

P.  O.  Box  2010,  University  Station 
MADISON  5,  WISCONSIN 
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3026^ 


a  basically  improved  and  approved  resin  glue 


IfiOtQ-  . 

nui  Featuf^^ 


•  SHORTENS  ASSEMBLY  TIME.  Assemblies  can 
be  passed  through  all  subsequent  operations  after 
a  clamping  period  of  only  15  to  20  minutes.  Reduces 
costly  delays  in  assembly  lines  and  spray  booths. 

•  LOWER  CLAMPING  PRESSURES  produce  high 
strength  with  as  little  as  10  psi— as  proven  by  im¬ 
partial  tests.  Reduces  jig  and  case  clamp  costs;  also 
clamping  and  releasing  time. 

•  HIGH  HEAT  RESISTANCE.  Unlike  ordinary 
polyvinyl  acetates,  WOOD-LOK's  patented  copoly¬ 
mer  has  been  designed  to  resist  the  higher  tem¬ 
peratures  encountered  in  modern  forced  baking  of 
wood  finishes. 

•  STRONGER  BOND  coupled  with  high  initial 
strength  permits  prompt  handling  of  assemblies. 
Saves  hours.  No  need  to  wait  for  glue  to  cure. 

•  ALWAYS  READY  FOR  USE.  No  costly  labor 
for  preparation.  No  wastage  due  to  hardening  in 
glue  pots. 

FASTEST  SETTING  WOOD-LOK  3026  is  un- 


WOOD-LOK  3026  is  not  affected  by  repeated  freezing  and 
thawing  in  shipment  or  storage. 

This  special,  fast  setting  vinyl  copolymer  can  be  shipped 
anywhere— anytime. 

Now  you  need  never  switch  to  slower,  less  efficient  and 
less  durable  glues  in  the  winter  months. 

WOOD-LOK  3026  insures  year  'round,  uniform,  fast 
production. 


affected  by  changes  in  temperature.  Eliminates  hot  Address:  270  Madison  Avenue,  New  York  16;  3641  So.  Washtenaw  Avenue, 
glue  pots.  Produces  uniform  setting  regardless  of  Chicago  32;  735  Battery  Street,  San  Francisco  11;  and  other  principal  cities, 
shop  temperatures. 

GREATER  VERSATILITY.  WOOD-LOK,  which 
is  unexcelled  for  the  manufacture  of  case  goods,  is 
also  unexcelled  for  laminating  plastic/plywood 
d  nette  tops,  gluing  flush  doors,  and  gluing  com¬ 
position  and  synthetic  woods. 

FULLY  TESTED.  In  production,  as  well  as  inde- 
P'^ndent  laboratories.  Full  details  and  copies  of  test 
r^  suits  are  available  upon  request.  NationaKs  tech¬ 
nical  service  is  always  available  to  you. 


YES! 


I'd  like  to  test  National's  new  improved  and 
approved  WOOD-LOK  3026.  Please  send: 


Q  5  gallon  container.  Bill  me  at  the  quantity  drum  price. 
Q  Have  a  National  representative  call. 


Name _ 

Company. 
Address _ 


_Tifle_ 


City. 


Jone_ 


Stale. 


*  you  already  use  WOOD-LOK  you  will  continue  to  receive  your  present  WOOD-LOK  until  we  ore  instructed  to  change  to  WOOD-LOK  3026. 
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Book  Reviews 

Forest  Products  Research  and 
Industries  in  the  United  States 

By  W.  W.  Varossieau 

726  page  volume  with  98  figures, 
101  tables,  and  63  photographs, 
is  an  important  new  comprehen¬ 
sive  study  of  the  U.  S.  wood  in¬ 
dustry  in  all  its  ramifications  from 
forestry  through  the  multitudiness  end 
uses  for  wood.  The  study  reported 
was  made  under  the  auspices  of  the 
Technical  Assistance  Branch  of  the 
European  Recovery  Program.  The 
author,  a  native  of  the  Netherlands, 
has  had  widespread  experience  in 
European  wood  research.  He  is  cur¬ 
rently  an  Expert  for  wood  technology 
of  F.  A.  O.  United  Nations  and  as¬ 
signed  to  Iran,  where  he  is  currently 
assistant  professor  of  wood  technology. 

The  book  is  divided  into  four  parts: 
introduction,  the  results  of  visits  to 
forestry  operations,  contacts  made 
with  forest  products  industries  and  re¬ 
search  laboratories,  and  summary  and 
conclusions.  In  addition  to  technical 
aspects,  much  information  is  given  on 
the  organization  of  forest  products  in¬ 
dustries,  research  and  education. 


The  work  is  designed  to  appeal  not 
only  to  specialists  in  the  field  but  also 
to  those  who,  though  interested  in  the 
overall  picture  of  wood  industries  in 
the  U.  S.,  have  no  technical  back¬ 
ground.  Definitions  of  many  technical 
terms  are  included. 

Available:  F.P.R.S.  Executive  Office, 
Box  2010,  University  Station,  Madi¬ 
son  5,  Wis. 

Theoretical  Industrial,  and 
Economic  Aspects  of  Wood 
Preservation,  Vol.  1,  Oil-Type 
of  Wood  Preservatives 

Conservacion  De  Maderas  En  Sus  Aspectos 
Teorico,  Industrial  Y  Economico,  Vol.  1, 
Estudio  Tecnico  De  Los  Antispeticos  De  Tipo 
Oleaginoso 

This  500-page  book  by  Professor 
Martinez  appears  to  be  the  first  vol¬ 
ume  of  a  series  to  be  devoted  to  the 
general  subject  of  wood  preservation. 
The  book  is  in  Spanish  but  has  a  table 
of  contents  in  English  and  another  in 
German.  It  is  profusely  illustrated 
with  excellent  photographs  and  draw¬ 
ings  but  is  poorly  bound  in  paper 
covers.  The  first  80  pages  describe  the 
agents  of  wood  destruction,  including 
fungi,  bacteria,  insects,  and  marine 
borers,  with  brief  mention  of  birds 
and  mammals.  Some  13  pages  cover 


the  field  of  wood  preservation,  re¬ 
quirements  of  good  preservative,  clas¬ 
sification  and  selection  of  preserva¬ 
tives,  classification  of  processes  and 
economic  aspects  of  wood  preserva¬ 
tion,  while  14  pages  are  devoted  to  the 
electrical  conductivity  of  treated  wood. 
Part  2  of  the  book  discusses  in  con¬ 
siderable  detail  coal  tar  and  its  prod¬ 
ucts  (166  pages),  analysis  of  coal-t.ir 
creosote  (62  pages),  lignite  tar  prod¬ 
ucts  and  other  oil-type  preservatives 
(85  pages),  accelerated  service  te^t 
methods  (13  pages),  and  vapor-drying 
(20  pages).  The  author  has  drawi 
freely  from  other  publications,  includ¬ 
ing  those  of  the  American  Woex  - 
Preservers’  Association,  and  gives  fuil 
credit.  This  volume,  as  its  title  ind  - 
cates,  features  oil-type  preservative  . 
Perhaps  later  volumes  will  cover  oth  r 
preservatives  and  treating  methods  s 
thoroughly. 

The  Manufacture  of  Veener 
and  Plywood 

By  V.  J.  Rinne,  Kuopio,  Finland,  1952 
Reviewed  by  H.  O.  Fleischer 

It  is  a  tribute  to  the  veneer  pro¬ 
ducers  of  the  world  that  they  ha  e 
been  able  to  practice  their  art  for 
many  years  without  a  backlog  of  writ¬ 
ten  literature  and  technical  infornia- 
tion  and  with  relatively  little  aid  from 


PLYWOODS 

rlfwit  ht  QflUy  Tratf* 

THE  ARISTOCRATS  IN 

BIRCH— MAPLE— RED  OAK— WHITE  OAK 
—ASH— BASSWOOD— ELM— WALNUT- 
MAHOGANY 

PLYWOODS 


SPLICED  WOOD 

CORPORATION 

MELLEN,  WISCONSIN 

P.  O.  BOX  110 

TELETYPE,  MELLEN  29  —  PHONES  205-3313 


Just  Published! 

Forest  Products  Research 
and  Industries 
in  the  United  States 

by  W.  W.  VAROSSIEAU,  Ph.  D. 

Expert  for  Wood  Technology  of  F.O.A.,  United  Nations 

A  comprehensive  handling  of  the  subject  matter,  the 
book  is  divided  into  four  parts:  introduction;  the  results 
of  visits  to  forestry  operations;  contacts  made  with 
forest  products  industries  and  research  laboratories;  and 
summary  and  conclusions.  Considerable  attention  is  paid 
to  research,  as  well  as  the  organizational  aspects  of 
forest  products  industries,  research  and  education. 

The  work  is  designed  to  appeal  to  specialists  in  the 
field  as  well  as  the  layman  interested  in  the  overall  pic¬ 
ture  of  the  wood  industries  of  the  United  States.  Defini¬ 
tions  of  many  technical  terms  are  included.  The  volume 
contains  more  than  1,100  references,  98  figures,  101 
tables,  and  63  photographs. 

The  author  is  a  graduate  of  the  University  of  Leiden 
and  was  a  technologist  in  the  Forest  Products  Division 
of  the  National  Council  of  Applied  Scientific  Research 
in  the  Netherlands.  He  is  currently  an  Expert  for  woo ! 
technology  of  F.A.O.  United  Nations  and  is  assigned  tn 
Iran  as  an  assistant  professor  of  wood  technology. 

726  pages  illustrated  $12.00 

To  FPRS  members  $10.80 

MAIL  ORDERS  TO: 

Forest  Products  Research  Society 

P.  O.  Box  2010,  University  Station 
MADISON  5,  WISCONSIN 
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tliC  research  worker.  Yet  the  era  when 
Viiieer  cutting  was  considered  an  art 
nil  her  than  a  science  has  come  to  an 
ei;d.  The  industry  has  expanded  so 
r.:pidly  that  good  veneer  technicians, 
trained  through  years  of  experience 
u  ider  a  master  of  the  art,  can  no 
Iciiger  be  supplied  fast  enough.  The 
n.  ed  for  writing  down  the  rudiments 
of  the  art  and  for  bringing  this  art 
ii  lo  the  field  of  a  well  documented 
soence  has  arrived.  To  date  no  ade- 
c|'jate  texts  have  been  available  in  this 
ii^ld.  This  book,  written  in  the  Eng¬ 
lish  language  and  published  in  Fin¬ 
land  by  a  Finnish  veneer  and  plywood 
producer,  is  a  step  in  the  right  direc¬ 
tion. 

The  book  deals  primarily  with  the 
Finnish  veneer  and  plywood  industry, 
and  secondly  with  the  European  in¬ 
dustry.  It  refers  to  American  equip¬ 
ment  only  in  cases  where  such  equip¬ 
ment  has  been  used  in  Finland.  Since 
the  book  is  geographically  restricted, 
it  also  deals  specifically  with  one  spe¬ 
cies  of  wood,  namely  birch.  The  Fin¬ 
nish  birch  is  not  the  same  as  our 
American  species.  In  some  respects  it 
resembles  our  white  birch.  The  infor¬ 
mation  found  in  this  book  will  be  of 
use  to  the  American  manufacturer  pri¬ 
marily  because  it  shows  what  can  be 
done  in  the  way  of  utilizing  small 


logs.  Americans  may  be  surprised  to 
hear  that  Mr.  Rinne  considers  the 
ideal  birch  veneer  log  one  "that  is  at 
least  8  inches  thick  at  a  height  of  7 
to  8  meters  (23  to  26  feet).” 

Veneer  recoveries  from  logs  7  to  9 
inches  in  diameter  are  about  40  to  55 
percent  of  the  volume  of  the  log,  de¬ 
pending  on  its  grade.  About  15  per¬ 
cent  of  the  log  is  lost  in  the  core,  and 
35  percent  is  veneer  waste.  The  yield 
of  good  grades  of  face  veneer  is  very 
low. 

Mr.  Rinne’s  discussions  of  lathe 
operating  technique  and  of  veneer 
drying  are  inadequate  in  view  of  the 
literature  available  on  these  subjects 
in  recent  years.  It  is  a  regular  practice 
in  Finland  to  spring  the  middle  of 
the  knife  outward  when  mounting  it 
on  the  lathe,  so  that  its  edge  is  con¬ 
vex  toward  the  log.  In  this  way  it  is 
possible  to  compensate  for  the  bowing 
of  logs  of  very  small  diameter  that 
are  cut  on  the  lathe. 

American  manufacturers  will  be  in¬ 
terested  in  the  discussions  of  veneer 
jointing,  of  veneer  plugging,  of  joint¬ 
ing  veneer  endwise,  of  the  manufac¬ 
ture  of  small  plywood  panels,  and  of 
plywood  scraping  machines. 

In  connection  with  hot-press  de¬ 
sign,  there  is  information  on  the  use 
of  accumulators  for  rapidly  closing 


large  presses.  Mr.  Rinne,  like  most  of 
his  European  colleagues,  prefers  to 
heat  the  hot  press  with  water  rather 
than  steam,  for  by  this  method  it  is 
claimed  that  a  more  even  heat  is  ob¬ 
tained  in  the  press.  The  reason  for 
this  preference  among  European  ply¬ 
wood  manufacturers  is  probably  that 
most  of  the  gluing  is  done  at  a  rela¬ 
tively  low  temperature. 

Some  of  Mr.  Rinne’s  terminology 
and  definitions  will  be  confusing  to 
the  American  reader.  For  example, 
the  term  "multiply”  is  used  for  ply¬ 
wood  made  entirely  of  veneer.  The 
terms  battenboard,  blockboard,  lamin- 
board,  and  stripboard  are  all  used  for 
various  types  of  lumber  core  plywoods. 
The  term  "balanced  construction”  is 
incorrectly  defined  as  plywood  which 
has  an  equal  content  of  timber  in  each 
grain  direction.  The  term  "sheathing” 
is  incorrectly  used  for  "concrete  form 
plywood.” 

With  certain  reservations  this  book 
can  therefore  be  recommended  to  the 
American  manufacturer  of  veneer  and 
plywood.  Certainly  at  a  time  when  the 
American  industry  is  faced  with  a 
growing  shortage  of  suitable  veneer 
timber,  and  must  look  to  the  use  of 
smaller  and  more  defective  logs,  a 
book  on  this  subject  by  a  European 
expert  can  be  used  to  advantage. 


Hera'S  all  the  kS^ow-How' You  Need 

on  CUSTOM  ENGINEERED 
CARBIDE -TIPPED  SAW  BLADES 


For  the  First  Time... The  Most  Complete...  ^ 
Most  Instructive  Carbide-Tipped  Saw  Catalog 

£u0|*  P||flf|cflA|f  I  Published  by  pioneer  manufacturers  of  car> 

bide-tipped  saw  blades,  Karbide  King’s  new 
K53  catalog  gives  you  the  answers  on  carbide-tipped  saws  for  your  particu¬ 
lar  job.  It  tells  how  to  use  them,  and  what  to  expect  from  them — how 
you  can  cut  any  material,  with  greater  precision,  and  at  far  lower  cost  per 
cut— with  longer-lasting,  custom-engineered  Karbide  King  Saw  Blades. 


karbide  Kl\c 


SAW 
BUDES  ^ 


BIG  SAVINGS  WITH  25  TO  100  TIMES 
LONGER  BLADE  UFE 

Karbide  King  Blades  are  made  of  top 
quolity  alloy  tool  steel  providing  high 
tensile  strength  and  resilience  for  severest 
sawing  applications.  Special  analysis  tung¬ 
sten-carbide  cutting  teeth  ore  precision 
brazed  to  the  blade  and  diamond  ground 
for  smoothest  possible  cuts.  These  features, 
coupled  with  skilled  experience  and  un¬ 
compromising  manufacturing  standards,  en¬ 
able  you  to  run  Karbide  King  Blades  25  to 
100  times  longer  before  resharpening,  AND 
permit  a  far  wider  range  of  uses  for  your 


saw.  This  performance  means,  that  cut-for- 
cut,  your  sawing  operation  will  cost  less, 
yet  you’ll  produce  highest  quality  work. 
Send  the  coupon  for  Karbide  King's  K53 
catalog,  today. 


KARBIDE  KING  Saw  Blades 

Anotlier  Prwkxt  o(  DArlrwell 

m 


DELUXE  SAW  AND  TOOL  CO.  Dept.  700L 

Subsidiary  of  Rockwell  Manufacturing  Co* 

415  East  Commerce  Street 
High  Point,  North  Carolina 

□  Please  send  Karbide  King's  new  K53  catalog. 

□  Please  send  name  of  nearest  Karbide  King  dealer. 


City. 


.Zone. 


.State. 
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YES,  BELCOBALSA  CORE  STOCK 
COSTS  LESS  TO  BUY-  LESS  TO 
PROCESS -LESS  TO  HAHDLE! 


BELCOBALSA  CORE  STOCK  COMES 
CUT-TO-SIZE,  READY  TO  GLUE 

Because  it  is  delivered  ready  for  glu¬ 
ing  or  dry  assembly,  Belcobalsa 
Certified  Kilndried  Core  Stock  saves 
time,  labor  and  lumber.  Belcobalsa 
comes  dressed,  trimmed  and  ripped 
exactly  to  specifications,  and  bundled 
according  to  size.  Thus,  Belcobalsa 
eliminates  costly  processing,  han¬ 
dling  and  sorting.  And  the  manu¬ 
facturer  avoids  lumber  waste  that 
might  otherwise  run  as  high  as  35% 
of  total  core  stock  purchased.  Yet 
Belcobalsa  is  priced  no  higher  than 
core  stock  delivered  in  random 
lengths  and  widths.  In  other  words, 
Belcobalsa  reaches  the  assembly  line 
at  lower  cost. 

REDUCES  COST  OF  SHIPPING 

YOUR  FINISHED  PRODUCTS 

)  > 

Belcobalsa  is  the  lightest  in  weight 
of  commercial  woods.  Two  men  can 
easily  unload  a  carload  of  Belcobalsa 
Core  Stock.  Users  of  Belcobalsa 
enjoy  resultant  savings  not  only  in 
initial  handling,  but  in  handling  and 
ship|)ing  of  finished  products.  One 
manufacturer,  for  example,  has 
reported  saving  S600  in  freight 
charges  per  carload  of  finished  goods! 


COMPARE  THE  YIELD  OF  BELCOBALSA  WITH  YOUR  PRESENT  CORE  STOCK 

Here  is  a  sample  yield  comparisotr  of  Belcobalsa  with  the  typical  core  stock  now  in  commoi'  us* 
for  the  manufacture  of  flush  doors.  Whatever  your  product  may  be,  aur  engineers  will  be  K  :ppy 
to  help  you  make  a  similar  comparison  with  any  ather  core  stock  you  use,  or  are  considc'ing! 


Standard  Softwood  or 
Hardwood  Core  Stock 

BELCOBALSA 

Grode  delivered 

i 

Dryness  . ,( 

finish  . 1 

Thickness  purchosed  . . 

Lengths  . i 

Widths  . 4 

No.  2  B  Common  or 
equivalent 

Green 

Rough 

8'4' 

Rondom 

Random 

Select,  free  of  major  de' 

Certified  KILN  DRIED 
Fine  sow  finish  or  SIS 

7  4 

Cut  to-length 

Cot  to  fixed  widths 

WORK  EFFECTED  AT  DOOR  PLANT 
Kiln  drying  with  corresponding 

shrinkage  . 

yes 

NO 

Cutting  off  defects  . ; 

.  yes 

NO 

Ripping  into  core  strips  . i 

.  yes 

NO 

Trimming  to  length  . i 

.  yes 

NO 

Estimoted  yield  of  core  stock  . 

.  65% 

100% 

Equivalent  footage  on  4/4"  basis 
including  lobor  cost  figured  in 
boardfeet . 

1,800  boardfeet 

1,000  boardfeet 

Lumber  needed  per  1,000  square 

feet  of  core  j 

Hardwood  or  Softwood,  8/4"  requir.  j 

.  3,600  boardfeet 

BELCOBALSA  .  7/4"  requir.  i 

1,750  boardfeet 

Assuming  that  a  solid  core  door  PV' 

X  3-0  X  6-8  has  16  sq.  ft.  of  core: 
1,000  boordfeet  of  hardwood  or 

17  Doors 

1,000  boardfeet  of  BELCOBALSA 
will  make  . 

36  Doors 

CERTIFIED  KILNDRIED 

Every  boardfoot  of  Belcobalsa  is  dried 
in  our  own  kilns.  Our  Ecuador  plant 
now  has  12  Moore  Dry  Kilns  with  a 
capacity  of  2,000,000  boardfeet.  This 
means  another  major  saving  in  your 
processing  cost  —  and  it  means  there  is 
no  shrinkage  loss  after  Belcobalsa  is 
delivered  to  you. 

Remember:  Belcobalsa  Certified  Kilndried 
Core  Stock  reduces  the  weight  of  your 
panels  because  of  its  low,  uniform  den* 
sity;  makes  them  warp-resistant  because  of 
its  inherent  stability. 


BELCOBALSA  CORE  STOCK 
ELIMINATES  THESE  FIVE 
OPERATIONS: 


Write  For  Complete  Information,  Samples,  Prices. 

BALSA  ECUADOR  LUMBER  CORPORATION 

500  Fifth  Avenue,  New  York  36,  N.  Y.  Pennsylvania  6-0697 


HANDLING 

& 

SORTING 


KILN 

DRYING 


RESAWING 


RIPPING 


TRIMMING 


MATTISON 

276 


•  REDUCED  COST  ON  FITTING 
AND  SANDING  OPERATION 

•  SUBSTANTIALLY  IMPROVED 
QUALITY  OF  MOULDING  WORK 

FOR 

IMPERIAL  FURNITURE  COMPANY 


Oftenat<n 


FINDS  MATTISON  276  .  .  . 

•  Easy  to  set  up 

•  Stays  put 

•  Vertical  and  cross  adjust¬ 
ment  of  Cutterheads  are 
made  quickly  and  positively 

•  Outboard  bearings  elimi¬ 
nate  vibration  in  heavy  cuts 

•  Attached  wrenches  simplify 
setting  of  guides 


IMPERIAL  FURNITURE  COMPANY 


ORAND  RAPIDS'2-MICHICAN 


Karel)  18,  195S 


MattlsoB  Machine  Works 
Rockford,  Illinois 


Sarly  this  year,  we  Installed  one  of  your  No.  276 
Reary-IAity  High  Speed  Eleotrlo  Moulders.  We  thought  you 
might  like  to  know  how  we  are  getting  along  with  this 
machine. 

Here  at  Imperial,  we  manufacture  a  complete  line  of 
hl^  grade  tables,  and  the  moulder  work  must  be  as  nearly 
perfect  as  possible  to  reduce  our  sanding  and  fitting 
opeietlons.  With  the  addition  of  this  Hattison  No.  276, 
the  quality  of  our  moulded  work  has  Improved  substantially 
while  our  costs  have  gone  down. 

Our  operators  find  this  Hattison  No.  276  very  easy 
to  set  up,  due  to  the  accessibility  of  all  the  adjustuenta 
and  controls.  Vertical  and  cross  adjustments  of  the  cutter- 
heads  are  made  positively  and  quickly,  and  the  hand  looking 
wrenches  which  are  attached  to  the  machine  simplify  setting 
of  the  guides.  Another  feature  Is  that  It  "stsys  put", 
which  Is  no  doubt  due  to  the  rigid  construction,  precision 
manufacture,  and  advanced  engineering  design.  The  outboard 
bearings  eliminate  vibration  In  heavy  outs,  end  we  believe 
that  any  high  speed  moulder  spindle  should  have  an  outboard 
bearing. 

Vi'e  axa  confidant  that  this  machine  will  continue  to 
perform  efflolently  for  a  great  many  years. 

Touirs  very  truly, 

IKPERIAI.  FURNITURE  COUPANT 


4^^ 


A.  F.  Christy 
Plant  Manager 


•  Imperial  Furniture  Company’s  reputation 
for  building  a  high  quality  line  of  tables  is  in  a 
good  measure  due  to  precise  fabrication  meth¬ 
ods  which  insures  consistently  accurate  re¬ 
sults  and  proper  fitting  of  all  parts.  Mr.  A.  F. 
Christy,  Plant  Manager  of  Imperial,  has  been 
around  the  woodworking  industry  for  a  good 
many  years  and  knows  what  he  wants  and  has  to 
have  in  the  way  of  production  and  accurate 
results.  The  above  letter  telling  of  his  experience 
with  the  Mattison  276  Moulder  is  an  example  of 
what  this  machine  is  doing  for  a  good  many 
others.  For  complete  information  on  the  Matti¬ 
son  276  High  Speed  Electric  Moulder,  ask  us 
to  send  you  our  latest  free  circular. 
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